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INTROTUCTION

The svorydmy use of the parotid sims reflex by the body 48 & cot
trolling factor in the mainterance of normal blood pressure. It 18 now known
that upon inducing & hypotension in the carotid simm area, a prescor responsel
1n the arterisl systemie blood pressure is elicited. This reflex pattern has

beur: shown exverimentallys %he hypotonsion causos a decroase in the ptinue
lation of the camrotid glinue precsoreceptorss The deorease of lmpmlses along

the oarotic sinus and glopsopharyunsesl nerves to the medulla creates a situm
ation which resultes in the setivation of the vascomwmirictor center and dow
mresglon of he vasedilator centere The vesulting offerent leonlses travel
by way of the grmpatbhetio nenwogs gysten. focording o pany desorintisng this
reflax alse lovolves the caxilosccolorator and cordioinhibltor contors.

The effect of this reflex on such factors as cardiac output and
right ventrioular pressures, is not clears. If there is an increase of perie
rheral vascomstriction and 1f the cardiso cutput remaing unchanged or risss,
as & result of this reflex, then 9¢ can postulate that the hesxrt will work
harder, Howsver, the diversity of resulte obteined by various investigators
mrecludes conclusions g cardiasc works There has besn apreement only
repayding evidence of peripheral vasoconstrietion.

To better evaluate this problem, a study of the slreulatory hemodyw

namics resulting fyom the elicitation of the carotid sinus pressor reflex has
R :
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been done. The studies lncluded detersinations of the femorsl artesy and
richt ventricular cardiac pressures, the cardiae output, and other related
factors.




parotid sinus ares, This iz a specially imerveted part of the vessels and

hood of the bifuwrestion of the common carotid artery
and its branches, In men, and many other mammals, the oommon carotid artery
givides into internal and external csrotide, and a bulbous expansion, the
carotid ginus or carotid bulb, ia sesn at the yooil of the internal branch,

A neswve fwie runs from the ¢arotid simee to the glossopha
fignre Y.

mgeal norve ‘see

]__-_.,_,,._______----_----------- cardisc centers

Figwre l¢ AFFERENT IMNERVATION OF THS CARDTID SINUS REGION.
(PROY STARLING, 15LS)
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A)1 the prinoipal neves in the region of the carotid simp have
beon mentioned in the 1itarsture as supplying fibars to the aims. fering
£1923) in his original publications firet sentioned that the simus reflex was
tyansmitted through nerves which pess fyom the oarotid eimus to the superior
corvical ganglion of the syspathetio nexvous system. He (192L) later desorib-
od 3 brench fyom the glossophavyngeal narve, whioch he named the sims nerve.
" the basis of his axperinments, Hering belleved that the reflsx from the
carotid sinus was tranamitted by the sinus nesve.

Te Csstre (1928) bas attasked the problom from the morphologic standdy
rointe Dessuse the branch fram the flossorharyngee), nerve supplies fibers to
both the sarctid sinus and the cerotid body, De Castro preferred to eall it
the intercarotid nerve. Ye had found that after section of the glossophary
geal nerwes, inoluding its intercarotid branch, the specislised receptors wre
3t11). Pound in the carotid sims. In his experiments the opecialized nerve
endings in the carotid simus remsined maliered after removal of the superior
cervical ganglion. We has emphesized the iaportance of byunches from the
vagus nerve and frem the ganglion nodoswm. e was of the opindon that affere
ent impulses 1ibersted from the cayotid sinus reach the mecillary senters
partly through the plossorherynges) neyve but moye partisulasrliy by wey of the
Yague norvds

Danielopoln snd hls oowworiers (1927) heve postulated a threefold
nerve suprlys namoly, & brensh from the glossorharyngeal nexve, a branch from
the vagua, and a branch from the superior cervical ganglion of the sympathetie
They state that all three nerves take part in the trarnsedosion
of the veflewes of the sarotid aims,
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Code, W. and pes (1536) studled the anstomy of the caroe
ﬁ&mmafﬂwmeMMWnummmmﬁwwm@w
simus. The physislogle funotion of the nerves supplying the sims was in
vostigateds They found that anmtomiocally, the carotid einus poscesses three
gourcas of nerve gapplys a branch Syom the posterior division of the glossoe
tharyngeal nervs, s branch from the superior cervical ganglion, and s small
the internal ocaroiid artery. Tleotrie stimdation
comed n the oarotid simue raflex, 4 study of the comparetive respongos of
the syspathetic neywe and the sinus nerve (o slectrio stlmdation clearly
indloatasr the zrastor importance of the sinus nsrve. Therefore, they conslude
that the cardiovaseulsr componsuts of the sinue reflaxes are conduoted solely

Ruy and Stewart (19L8),however, found that there are four nerves
which contrilute to the immervation of the carctid aimus and adjacent carotid
body, nemely, the 208 , wagus, cervical sympathetic, snd hypow
glosssls The branch to the hypoglossal is incomstent and the part played by
this nerve is probably not importants The other three nerves show oonsiders—
ble vardation in thelir gross anstomio armangementa, but great congtancy in
thelr corveotions to the oarotid m and the intercerotid plexuss From
anatomic disssction (Theehan, et.al., 2941), 4t hus been shown thet s dlstinet
intersarotid plecuss The Smportance of this nerve is supported by 1ts strdie
ing constancy in all species of snimals, Ray and Gtowort, in thedr cbeervom

nerve which acoompanies

1 nerve oonnoots with the elnue and
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paloes of the carotid simus reflex indused by pressurs on the sarotid sinus.
Thay dhowed, in mag, that mwm divieion of the morve parmanently abow
lishes the affects of progsoure on Lhe homlatersl carctid glnus. The ohemiw
cdlly Induced pard of the cerctld slmue rellex probally resadins intact alley
introcranial division of the glossopharymgesl
of ¢

covery af the carotid simue and its norve by Herlng, in 1923, originsted a
large mpber of axperimenis and olinical observetions, mny of them contraw
diotory, yet muy proving of great lmportances The carotid sinue nerve to-
pether with the afferent nerves which come from the aorta, i.6. the sorids
norves, meke up the two lsportant buffer merves which affect the heart roflexe
1y, theweby contaoling the artsrisl Wlood presswre and, therefore, tending o
maintain & normel civoulation to the brein,

Sinve the days of Cuermak, pawasurse over the vagus trunk ss it lles
hahind the carotid artexy ln the neck has been lmewn to produce cardine slowe
ing of vayying degyves in a proportion of nopmel men. mmmmm
attributed to mechanloal exitatlon of the vagus trmye, but hes been aaordbed
by fering to reflsx vagal exitation avising fros stimdation of the carotid
ginuse This conolusion was based on the ovmparative inexeitability of the
mmmmuuwmm,mmmmwmnmmmw
meghanical stimalation in anlmals and man, and on frequently opposite efieste
produoed 1n man by pressure spplisd at different levels in the meck of the
some patiemt. In Hering's view (1923) these contradictoyy efiects have been
axplained in the following mamers Pressure applied over the simis by nechane
ical stimmlation of the receptors in 1ts welle, produces reflexly bradyoardia




1
ond peripheral vasodilations On the other hand, pressure applied Lelow the
carotid sinue, by cocluding the sarvtid artery, sauses hypotension in the
ardia is swtiszes produced, however, Ly mressure low in the neck, and
this has boen explained by inoldants) taetion upon the comoon carotid artery
and conseguent stimslation of the alnus.
wnce of thsse reflawes arieing fyom the region of th biw
furcation of the ocumen carotid avdery, {ivst desoribed by Hering, has bosn
avly eonfirned by later workerss The nature of these yeflexes and thedr
sreat complexity hawe bean widely demonstrated through the experimental work of
riolesejers (1926), Nering (1927), Veymens (1930) and foch {3931}, and muny
othere, and thelr olinleal ioplications have been subject of much resenrch.
Anrep and Segall (1926) showed that there was a distinet sap bew
twoen the lowest arterial pressure at which the depressor meshiuiss beging o
acty and the highest arterial pressure at which the pressor reflex comes into
plays Amvep and Jegall found in thyee experiments, that chanpes in arterial
vressww between 50 to 120 milliveters of mercury had no effect on the cirdie
lation in the head, a rise above 120 nillimeters of mepoury osused & YASO~
dllation, while a fall of pressure below 50 sillimeters of meroury wes sccomw
panded by vesow-constriction,
A sinilar preseor reflex has beon advocated for the carotid sinue bty
Heymans (1929)s To show lis existenme he clamped both cavotids in an aneg-
thetized and vagotordsed dogy The general hypertension prodused by the fall
of pressurs in the carobid sinuses thus brought shbout showed a distinet dlminud
ton as soon as both carotid sinus neaves wure out, mmmammﬂ




¢
reflex from the savotid sinus sesms also confimmed by cbservations of Deniele
opolu ete sl (1927) sccording to whom 1t i» possible, in the monkey, to obe
tain an inoreass of artevisl pressure by sultable stimulation of the region
of the earotid sinus,

That the pressosengitivity of the carotid simus iz very cyoat has
beet shown by Heymanw (1929). In the cerntid sinue ol the dog, o deviation
in either divection of ewven one millimeter of msroury from the normal arter~
ial pressuwre is sufficient to produse reflex compenantory changes in the

Another group of expsriments by Heymans et. ale (1927) has shown
that the sardiovesenlayr canters are not direcotly sensitive to variations in
in esphalic blood presmue are entively of carotid simus origin, Only exe
troms anemin, thay state, has & direst stimlating influenios on the cardiow
vasoulay oenterse the remulation of heert frequency depends wainly on
changes in the yague toow and to = alight degree on changes in the sympathetic
activity.

Gemendll and his goe-sorkers (1933), upon secluding the corron CHrtw
14 arteries in intect, wanosthetised doge, noted that in Gwes mnimals Uw
palse rate rose substentliellys Thiz rise was sbolished, in three dogs, by
densyvatdon of the carotid simms. In one dog the rise porsisted after denerw
vation.

Boucksert and Seysems (1933) found that in dogs, the low cerebrel
blood pressure snd the reduction of serwdral blood supply prodused by octlue
sion of the efferent Lranshes of the common cayotids, by ococlusion of the




9
carotid arteries, or by veclusion of the vertsbral arteries,

do not directly stimlate the vasomotor, cerdisregulatory, or the respirstory
conters. Thevefore, st low carotid sinus presoure, the vaso-tonlc and rese
piratory centers are stisilated reflexly by way of the oarotid simus nerves,
by these vasosotor reflexes. Comversely, at high oarotld simus preseurs, the
vaso-tonde and respiratory centers are depressed by the cuxotid simw mmflexes
although the ceyehral blood pressure aud blood supply are at the sang Pine
decreased by these giroulatery reflexes.

The vasoular reflex wes found 4o be a very constand and definite
entity by winder (1937) in his experiments on the earotid sims reflex. Its
response (o ordinary fluctustions in pressure was of oiriking sansitivity.
Its maximel piimlation appesred capabile of causing meximal snd meinteined
vasoular relazation in the doge Hommally, inpulses
roceptors ware seen to cause inhibition of cardise
hypotensdon in the slmug sres, a peripherel vesoeonatrio
by perfusions the heart rate was sean to slow down, mdngmm&mmémm
with lowared blood presoure wes elicited.

With & technio developed in the laboratory of Heymens (1930), ons or|
both carotid sinuess of & dog were isclated in glte from the olroulation care
being teken not to injure thelr imwrvetion. Those carvtid siauses were pere
fused with blood elthar by mesas of snother dog, or with a Dale-Schuster punps
1 the pressure inglde the carotld simses was inereased this rise of intrsoard
otid sirue prespure was sssociated with a a1l of the blood pressure in the
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senoral cironlation. Yith the fall of arterial prwassure there was 3 slowing
of the hesrt. Comversely, if the pwessure was lowered in the lsolated curow
experimantal cbeervations, in addition to meny others, demonetreied that Uw
mmmmim,mmagmmw&mmmuﬂwu

Aocopding to Neymame (1938) an incrense in the carotid sinus rwes-
sure wodued reflex arterial; venous snd capdllayy dilatetion, and & redudw
tion in the caliber of the arteriowvencus anastomoses, and a deareass in the
cardios outouts A lowered carotid siwme pressure produted, on the other hand,

wmmﬂmmwﬁmmmmaxm
thus an inoresse in the cardlae output.

The artericl vesculsr tone is regulated, not only reflexly by meuns
of neuwral influences, but also bty reflex alterstion in the adrenslin outpute
Aeyrane ots als (1925, 1929) showed that the arterisl blood pressure, by
secyetion and disaharge of adrenaline, snd thus controlled Darthers in a
humoralwgy, the vascular tone; the heart rate, the sireulatory blood volume
and probably sleo the caliber of the srteriowwenous anzgtomosess It wos
pointed outy however, that this suprerenal hormensl reptlation of the elroa-
lation by the carotid simue wus only aascessory regulating meohanism,

rrang and gowworkers (1951), using dogs as thelr experimental
onieals, found thet ssall amounts of adrenaline or novadrenaline aprlied to




—
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eptove and thus & masimd and prolonged reflex fall of the eystesis
mmmmmmmmma&m; an of the hypertensive refloxes
normally provoled by & deoresss of pressure ineide of the sarotid sinus.
Section of the carotid sims nogves whon the syatendic avterisl pressure has
beent lowered by the loeal application of advenaline or noradrensline on the
corotid sinte areas was roticed to onuse an fmpediate and very merked rise of
the systemic arterisl pressure, Thess experimnts showed that the state of
contrastion and thus the resistase to stretoh of the arterial wall where the
pressoysoeptors ave loosted are the vrimesy factors affeoting these resepiore
Pffeote of the Ceotid Simus Reflex on fesplvation. The evidence for the rary
played by the carotid simas in the contral of vespiration la sonewhat conw
Nicting.

Feynans and Boushaert (1930) cbeerved that oeclusion of the comson
carvtid arteries leads o & rise in arterisl pressure end 0 an incresse in
the vespiration., They showsd that this effect is due to the reduotion of
pressure in the carotid slmus, since it dissppesye AL the simuses ave denerva-
tod.

Bilateral demervation of that reglon has given variable resulie to
different oheerverss Thus it was followed by great increases in depth and
rate of bresthing in the experdamtes of Heymmns, Souchesrt mx! Deutrebands
{1930), and of Kooh and Mark (1931)s Fowever, Selladursd and rright (1932)
mmzmmummﬁmrmmmwmqu
whils as & ale the depth and the pulmomny ventilation were diminished,
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gorotimes by as mwh as D0y per cant, o

An even move pronowded dermasion of respivation was desorided by
witt, Kats and Zohn (1932) ascording to whom denervation of the carotid sinue
in the dog, somstimes of one side only, as & wule led to death of the mnimal
from respiratory fallure.

Sotesidt (1932) was of the opinfon that vespiratory sstivity of an
animal 44 very 11ttls, 12 at all, affected by the operetion, of carotid simus
denervatdon, uweuslly in the sense of transitory stimalation which only lasted
a fow mimstess He stetes further that the respiratory effects of coolusien
of the comuon carotid arteries of dogs and gats, while generolly comparsble
with the ciroulatory effects, were loss conptant and lees persiste
cause sinue denervetiom dld not always abolish them, although it rede then
much more ospricious in thelr occumence. “ndoaimumal pressure was reduced by
sbout 35 por cent at firsi, bub 28 a result of collateral cireulation, 3t rose
durdng the ovclusion wntil 4% was lens than 20 per omnt balow normals hypemmes
that both effects ven scarosly be dus entirely to imsctivation of the same
sirms veflex msshsnism, Dilatarel carotid coclusion redused cerevral blood
‘mwmbﬁwmmm,mmemmmnm
by about 25 per cents the greater effect of the former upon respiration muy
therefore be partly due to its grester iInflunence wpon blood supply of tie
centers According to Seheddt the respiratory effects eliocited by changes in
those conternmd in cireulatory reflaxes bocense the intensities of the tm
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sffects were often entirely independent; beomues ths respiretory effects weve
lese perwistent than the circulatory and less proportionsl to the sctual level

menl preasmue then to the level from which the wessure was ohangedy
y there may be definite reflex respiratory effects
without any clyenlatory response whatevere The respiratery mechanime
apreared to be rel:tively move sensitive to changes in pulsation than to
chenges in moon pressure, although $t was influenced by Loth.

111 ote sle (1933) found thet clamping the cvmmon oarotld arterw
fes 4n the intsct wnsnesthetised anismal mrodused no definite change in the
resplyntory rete eithey before or after ¢nemvation of the oarotid sirus,

weicht (393L) attenpted to repest, in the rabbit, the cbservation
of Jellsdural and "wight (1932) in the saty bat could coms to no definite
sonelusion ae to the importanse of the carotid elms in regulating the resplre
ation in the forwsr eniusl, |

Stimdation of resplration as a consequange of denervation of the
carotid aims has been interpreted as belng due to the removal of the inhibie
tory inflvence of impulses <licdted by the sotion of the endosinal pressure.
(Roring, 19274 Danislopolu, Aslon, Mareuw, Proos, and ianescu, 19271
Unissejeff, 19274 Heymans and Bouchasrt, 19305 Kech wod Maxk, 1931, and

othere)s On tha other hand, depression of the resplretory aoiivity, as
deseribed by Sellsdurel snd "right (1932), and by “itt, Xats end Kobm (193h),
has besn adiuced as evidense for the operation wndery norenl cowiitlons, of
mmmmmmmmmmﬁmmwmmmm
the imalated and imnervated carotid sinus is perfwsed with hyperespmic fimid,




1L
“his mechanism ie coneidered to contrimte, together with the direet excltis
bility of the respdirstory centers, to msinteining the megndtude of the anle
mals' ventilation adjusted to the respiratory conditions of lte axterial
bloods |

Stella (1935), in his wmxperiments on the effuct of bilateral duncrw
vation of the carotid sirmus pressorecsptors on respiration found that, in
the dog, this procedure was followed by alterations in the charecter of
respivation, the latter beooming, an a rde, lese doep and its rhythm being
often sgcelerateds He also obeervad that the sifect upon the magnitude of
the pulmonary ventilation per unit of time was found to be variable. A dow
cresse of the pulmonary ventdlation wee cbiained vhenover the inhibdtory
effest of the endosinal pressue upon respimtion vwas wosk, l.e.; when the
ocelusion of the carotids caused 1ittle o Do sugmentatd
gignifioant pard in the respiratory shonges observeds
of the Carotid Simwm Pressor Neflex on Cardise Oufput. There is no
on cardiss outputs this is perhaps surprising in view of the centrsl position
caprdies ontmet changes must asowea in My genersl disswselon of the reflex
regulation of cardiovasoular function,

Rinl (1929) weed seven yebbits snesthetized with wwthane ss his
experizenta) mimals. The cardiss cutput was detersined by the ¥iok mathod
on givisg pure axypens The venous blood war collected with the aid of &
canmnla placed in the right suricle. Himl concluded that the bilatersl
osalusion of the corolid srberies prodwed two opposing resslts, the resption
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depending solely on the antmalt &) an sugmentation, in four animads cone
coninmnt with a notable drop of the arterislewencus blood oxypen diiference:
b} in three suimals, s fall in the cardiae outpub together with an increase
of the A~V blood oxygen dllfference.

gymsne ete 8l. (1920), applying the Fick principle to carbon die
oxide produstion, cbserved a rise of cardiss output on voslusion of the Gone
non carotid arderies in dogr, They found, however, & fall of cardlac output
when using s cardionster or when salculating the output according to the
formula of ISljestyrand and Zandey Eiﬁiﬁ%}n

Holt ehe &ls (1946}, eoploying Stewprt's (1921) method, found an
avarage reductlion of cardise osutput of seven per cont when thay stimulsted
the oarotid sinun merve in doges '

tharlier and Fhilippot (1947), using dogs anasthetised with ohlore-
loss, veported resulta which were different than other cbservationse Upon
mz.wwmxfmmm 0 T1+5 par cent over the mormal anisele

| luoed whary the vagl were sectlonsds Th1oe
iovestigators detarained the cardiae culpnt socomiing to the Mok forzmla.
The anilysis of the axygen schsumed was detersined Yy the Haldone sethod,
determined by collesting & ompls of expdred alr and spalysing for the ges
pontoite MWWWwMMMWMMEMmﬁM
venous blood from the right auricles “he blood was wollsated in syringee
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coated with pareffin contoining & trece of sodluwn okalates mly one srterisl
Nlood sancle was taken durlng the experimant il this was wsed for the arvorie
2l oxypon contend in the calowlation of all the cardiss outpute. In all
mnmﬁa the atroke volume and heart mate partisipated simultansously in the
increassd curdias output. ven when the heart rate inopsased notably, the
strole volum wac capsble of inereasing eimultencously, cespite the tachysardis
axyges eonpurgption and cardlss work all lncressed with the increased cardiag
outpute ” ' ‘

 Having observed that the right auricular presgurs inoressed during
the temporary ooclusion of the carctid arteries, Chariisr and Pdlippos (1947),
imvestigated the effeot of this procedure on the right ventricular pressures

4 pindlar procedure ae in thelr previous papasr was perfommed, with the exw
ception that the oathetar wea introdaced into the right ventriole, The carw
dise eutput sosin incressed aubstantlelly suyebere fyom 20 to 72 per cent

over the nopmad upon ovelusion of tle carebid wriariess The A~V blood oxygen
conpumad and the intre-suricular pressure again ware ingreaseds The rigat
ventricular pressurs showed s rapid and often gubstantlia) rise upon bilatepel
carotid aptory oseluaion, The pressuve stisined ite maximgs when the arterial
prsssure reached its metomm, It maintainod thio pesk Zor some $ime bub |
opemad the pressme of the right venteiole foll slowly. 2otk the right aurie
¢ pressures ware recordsd in centlimeters of
water. The right ventrienlar preasure showed, on cartid artery occlusion, sn
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increase in the range of twice of the noranl pressures -
tou ots ale (1942) using the Handerson cardiometer for cerdiac
output determipations were wwdle to conlirm the resulis of Charlier and
Prilippote Thoy state that carctid sriexy oeclusion senses 1itile or no
sltevation in the cardlse sutpite
owrar ete Sle (1950}, working in thds feld, enployed &
procedve quite cimiler to that wed by Charlier and Philippots e Flok
e mae urod to delerdne the cardisc outputs The Maldans method for
anslysis of bDlood pases wag utilizeds The mixed Blood was ocollestod Lrom the
right suricic. Ihelr yesults show that alter comaon caretic artery otclusion
the seclusion, the cardies output =ap augmentcd in seven dogs and dixindishoed
in thrwe dogus The augmentation of the output varied betesen 1 % AUS per
canty the dinimtion botween & ¢0 L3 per oemte Of the seven snimals, which
presented &n sugmented cardisc ountput during the carotid artery ogcluaion,
three showed & progressive diminution of the output during the firet mimutes
following the releage of the socolusion, In the fouwr other animals, the outpub
continued to lneresss Dor several mimdesalter the relsase of the secladed
arieries but at the seme time the bleod pressurs was returming to Ste normed
voluge Firally no cormalstion was foumnd betesen the ineresse of blood prese
sure and the incresse of cardise outpute
Xenney, ¢t ale (1961) porfomed seversl exserizonts on this probe
lem with the ldea of, ot leapt, produeing a bedter wderslending of the ummé
of carotdd artery occlusions Toge snesilmtised with chlornlose
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wperinente by the olosed clrouit method. However, in thwee xperi-
nents respiration was yeoorded by the open oirouit method of Duuglas the

the Van Slyke smsnometer spparetas. Frow the arferiowwencus axygen differences
usage wae deterwined by closed cirouit spirometyys There wes no aignificsnt
change in caxdiae output during bilatersl narotid artery ovolusion in iwo
exporisents, One experiment showed o fall in omdisc output of sppreximtely
11.5 pay cent. In ons experiment cavotid osclusion apparenily caused s yise
in eardise outpuly of the aprdor of 20 par sent over the original walve, but
figures Ropetition of sarotid ocolusion agein jncreased cerdise cutput by |
sbout 15 per cent, tut onoe more the relsass of coclusion did rot restore the
tained in swsossaive carotid coclusion sxperiments. Ons sesuld shoved & Yo-
duotion of aaydise output of 10 per cents The estlmation , however, showed
no chanige in osydise output after relesse of the carotid olaspss In the
second experinent when both carotide were cocluded there ocoourred z furthey
£fa1l in onrdien output of about 10 per cents In thia instarce relesse of the
carobid artevies incressed cardine output to & lewel whish was greater than
that cbeerved Lumsdiately bafore the ssoond osclusions In every experisent
pressure was of the order of 045 centimeters of water and was umrelated to the
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offect of carotid coclusion on cardisc outputs PMaslly, in the sxperizents
condugted in which the oxygen usage of the mbieal was detersined by the opene
cireult method, the animal brwathing reom sir, it was found that bllaterel
corotdd occlusion did not matexislly affest coxdisg output. Variatdons in
mm«wmfmmmﬁ@gmm&m
tpute The flvst reasonsble scote

mm Mok demonstrated the foot that the quantity of blood extrudec
either ventricle in the course of & mimite, namely the mimte outpat of blood,
oould be determined by the adaptation of & formuls based on the quantity of
oxygen sbsorbed Yy the venous blood in the Juwngs in the sams perlods The
formils wsed i as followsy

Minute volume of Llood =
Liow In oo,

mmmwmmaxmwmwmmwmm
with modiflontions,

Lograph, wan woposed of o sensitive belawed tabile on which Hw
sublect reclineds The unit recordsd the recodl of the body vhen the blood wus




0
propalled by the ventrislse into the aorta and pulmonsry artewy. The gragh
tus secured was tarmed the balllstograms The results of this mthod have bewn
spond within & csrtaln rengo.

Toresamnn (1929), dsmonstrat essibils
amwms'mumﬁfm z&mmma}wwmmewtmw
the hearts s investigation wus motivated by & desive o seowre a repid end
drect aethod of introducing atimlant drugs ints the heart in ingtances of
sbrupt heaxt failmvs, in collapse during anesthesis, and in the circulstory
collapse of accidental poisomings Fe called attention to dsngers sttending
intregaydisc injection of drugs. Foresmmon firet devised his teoshnic on cade-
vers and after attenpting the provedure on & patient vithout ooaplete swocoss,
had the method perforued on himself, Fe did not realise the Mull potentialie
ties of the provedure as adepted todiy, but stated 3t could be used for secur~
ing samplas of blood Qo ceygon and sarbon dlexide saturation staiies.

srnand and Ranges (1911) utilised the method o obtain secgles of
mived venous 3lood snd thus in & dlywet method apply the principle of Fick
alyvedy dosmsseds Sinoe then the mothod of cardise catheterization has been
axtensively weed and bas sdded gread precielon 1o
cartain solitayy snd mltiple congenital cardisc defeutos It has also proved
o be an ldeal mothod for the introduction of yadiopaque substances such ag
lodraste The Liuits of this method have as yet not been completely
Yany workere have comtributed to the refinewents of oaxdise cathetorization




URTHOUS AND MATERIALS

Dogs of both sewes were wsed in these seperimmts, Thres types of
anesthesia ware egployed, Pentabarbital sodium (1 ove of 8 G5 par ocont sow
lution por five pounds of anima) welght or 30 ng/kg. body weight injectad
intraperditoneally) wos used on seven doge and ohlorslose, injeo AV
laxly ar ohloralose with morrhine was nsod on the other ssvén Jogse The
chloraloss consentyation used was in the range of 50 to 100 milligrans

kilo of body welghte %m&ﬁﬁm(mﬁl&iw&w%)mﬁjﬁwm
trasasenlarly cbout one balf hour before any chluralose was givens This pro=
sodure proved very sutiefectory.

The snimel was placed in the eupine position on 6 dog board and the
extremitiss tisd seowrely, An inclsion was vade dwm the wideline of the necke
seouralys Thn oannula was then abtached o the oxygen consuspiic

apparatuss The sppapatos for the measuvenent of oxygen consusption in dogs
|comstetad of & spiremeter, of sbout 2500 cuble centineters capecity, suspended
n & vator jacket, coneted to (e intve-tracheal canmia by yubber tubing.
Lovers were used %6 Tesord the excurslons of the spiveaoter on a revolving

Thoough the sddline inolsion, the o compon osrobid arteries were
possd, and 8 silk ligsture was placed arownd sach vesmsles The arteriss,
[rove, therefore, ready and accessille for easy cecluslor
a
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A outwdown was now nede over the Joft axtornal jugalar vein, and the
vein was isoluted for approximately four centimetars. Two allk ligatires ware
plaved undey the vein and the distal ligature was tind seourddy, a0 s to
taut when the vein was opened so ar to provent baok bleeding or any air from
entering the vain, A trensverse irsision wes made in the veln wall end the
proxdmal 1ip of the opening was ssught in a fine hemostat sv that the lumen
eonld be held opan while the gatheter tip was belng introduced |

The vanous cathetor uwsed waz & modified nretheral type made of nylon,
with & suooth noowwmottalle plastio covering, flexille and rediopaque, The
ostheter wis PUOty continetars long, with only one opending 8% the tip and anaiy
tighadapter at the proxize) ends Yor corwonience in mamipulation, a slight
Feenoh oatheter was proforabls in doge, sincs pressize trecings were rore
satisfuotory with thds than with o Yavger size vathoter, = as s malo, the
withdramad of blood samples Was ongyre

The proximad end of the cathetor was attached 0 & three way stopoooid
to whigh, at one oubtlot, wom conneoted 3 plestis wibe leading Jrom ey slevatad
ragervoly of physielogicsl saline solution, to which hed been sdded ome ouble
cantdsotor afmmmm'(mmw rar Mber of saline,. The other outlet
was comeoted, by vinyl plastic tubing, %o the Sanba wrooetar, Bafore
introdaaing the oathoter sty great distancs, 1t was wiped with saline solutdom
enabling 4t to clip along inaids the veln with grestsy esses ‘mee the catheton
wag introdused a comstant deip from the yesmrvolr bottle wns allowed to paes
through the cathoter st a rate of ten to fiftesn drope s almite, and only when

R
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blood samplas and pressare readings were bLeing teken was this allowed to be
stoppeds )
After the satheter was suwosssfully inteodused a outedom wos made
threaded up the avbery, d left in place wntil subesquent blood sanples and
wpdings wm madme At this time the nesdle wag atilached W &
three woy gtopooti, o N8 AN was attached the tubing to the mwﬁmmw.
and to the other outlot wur atisched 3 syringe to cellect the bloed senpless
e indwelling srterisl noedls used for insertion fato the femorsl
arbeyy waa 4 sodifad Nindesann %pe in whlch & medium bowel § 22 neodle Dite
into & £ 17 suter glseve with a blwst #ipe he syringe adaptor wes eoldm
sbout one and & hedf centlmmters down the shaft of the ¢ 19 slewve, the base
of the ghaft boing sllowed to project past the adapiers “hen & Lusr-look
sanpling, this free sepment fitted dizeoily into the
end of the gyringe aud an aly tight commection, preventing aiy geepape and
blood slatting, vap thus ontabllahicds
Bix %o olght 10 eublo centiseter syrioges with Luse-losk adepters
_ rpddng prapered, bafore the experiment, by Ugtly
preasing the surface of Lhe barrel of the gypringe with & silicone Jubvioant
b0 avodd lsaks snd soommdation of adr bubbhles dodns saspling. The sides of
the syringos were then mofstened with 0.2 suble sentioatere o8 the folloewing
golutdons  JOO0 milliprues of sodhus fluoride In tan odbie cetimeters of
godiwn heparin (Atbott), The soess war axpellod from the wrringes
The apparetas for regording blaod preswures was the Dadbown elestio-
nerometer; based on the principle of the streln gauge wild, which pormits the
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recording of variations of pressure with a controlled amplificatdons, The
sanborn poly-vise electrocardiograph machine was exployed for the transeripe
tion of the tracings. Three tracings, the two pressurs recordings and an
‘alwmrmém wore resordsd on the animal simdatansously.

After the cothoter had been advanced fiftoen to twanty centimeters,
furthey menipulation was done under flurcscople conirels This consisted in
advanoing, rotating, and =ithdrawing the catheter until its &€ip wes placed in
she desived location. The eloctrocamrdiograph was connected to the aniaal
during this procedurs, and was used to wateh for cardiasc irregularities caused
by the eatheter toushing the heart wall, To reach the right aurdcle, the
catheter tip was advenced wtil it lyy obout tw o Jow centizeters above
the level of the diephren. To enter the right ventwicle, the tip wes rotated
to point toward the left and then advanceds On one sush efford it would easily
evons thm ridlines Pagszge into the ventricls wag cheoked by noting the
recorded by the eleclromanometer. |

In m;ssizig the ¢athatar, it was never advanced against resistence,
kn& cautdon was oxervised to avold buclkiing, or the formstion of & "U", Only
hen the eathoter was pointing in the desired direction was it advanced
rapidly, '

The exparirents thet were per orusd made it noceasary to oolleod
plood samplex and record blood pressures la the bewri and large blood vessels
In rapid sequences

Bload pamples were fcken from the apex reglon of the right veniricie
ind the femoral artery simultansously. During the Wood samplisg the animala!
mygen consumpiion was Likewlse measured for a peried of spproximately three
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to five almbess .
progodures were veeds & syrings containing thres or four centimeters of
phyelolopiesl saline and heparin and mo sir bubbles was atteched to the thves
maniplation of the stopoook and the syringe it was mede certain that the
cirouit was fyee from any alr dubbles and that the Liow from the catheter wae
free. Then suotion was applind pently unill blood fiowed back ensily into the
syringee Yo forcelul suotion wes used while saspling in the right wentelale,
pince 1t would often cuose eotopds beats. Then the luenlook syrings used for
sampling, and prepered as described previously, was adapted % the thyes way
stopeoak and s bDlood sample of seven cuble centiwetors wes obtaineds The
imsedistely flushed with several cubie centimeters of saline solution, and the
continuous drip starded againe Ysamhile, the syrings wes then stoppered with
imwmwwmm. This air was expelled forcefnlly. Then &
stoppoved again, and placed in a container of ice cold water untdl gne analysis
was carrisd out on the smple. A simlisr procedare in repsrds to drawing
blood frem the femorel artery, was done convuyrently with that done va the

nally, soms difioulty in deawing Mood from the ot ventel
tered and a bad sawple would be takems If tiis was the oase,

-—
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ropeat samples were tuken. . | .
fore bleod wan removed from a chilled ayringe, fov gke analysis,
it was rotated {0 thooughly =ix the blood comstituents, The bBlood was transe
farred under pressore into an OstwoldwVan Slyhe pipette from the syringe ty
msany of a shoyt plece of rubber tubing cormecting the two openixngss. The
pipatte was then fitted with s spscisl-made pubber tip so that the transfer
of blood would be alrtight,. The analysis of blood miygem content, capscity,
and satayution was in agcordwnce with the methods of Van Slyke and Neidl (392L)}
and Peteye and Van Slyke (1943).

mmmammmwmmmmumwmax
the weperinmb. The control sauples were talmn imediately before the common
carotid arteries were clanpeds Right ventyouwlsr and femowal artery pressures
were swbssquently talen, An slectrocardiogras was taken to cheek the heart

The earmon carotid srteries were now olamped widle the polywwiso was
ruming and & pecord was taken at the time of clamping and dwring the fowr oF
mmmmmmmmmﬁmmmmwmummm
followings The femoval artery and right ventrisular blood samples were teken

In this manner blood samples were teken in this sequance: ocontrol
bofore clampin oocluston, and & contvol twenty mimutes after relessing
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the clamped carotid arderies. This procedure seomed to work most &mfwmr
cardise cutpul was caleulabed sscording to the Flek equations

The ressure recordings wore taken fyom the right ventricle throuwgh
the catheter, and from the indwolling arterisl meedle in the femoral artery.
 setting up the spparatus for taking the prassuwre rogcordings, the frec ad
of the vinyl plagtie tubine connooted to the nencewier we fixed near the
animal at & level porresponding o $he plane of the hoarty which in the dog
was sppeoxirately ome third in the dlstance of the chest dopth, messuwre
the epine, or at the lewel of the periphovel artery for the lntra-arteriel
OB recordings. The free gide arm of the thyes wiy stopoosh conneoting
the cetheter and the saline reservolr wes flushed with fluid from tie resurvaty
and then attachod to the plastie tobinge The animal wos sacrifised at the 1
end of the proocdures {Cournand and Ranges, 19l1f Cownsnd and X1ley, 19L5;
Textery Raynos, and Soibel, 1946) Daxter, 19473 Soeman, 19473 and Surchell
and Yoody 1950).

The strole volume of the heart was detarmined
candias index wes dederwined by dividing the eandias cutput, in litere per
minute, by the surface axes of the dog in square materss Neshts formila uaing
Pubnerfs constant (Bemedict, 1930) for the dog was appliad in finding body
aurface areat

Surfecs aree =

by dividing the cardiag)
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The effects of bilateral carotid srtery occlusion on certaln hasow
dynarde aspecta of the dog are prasended in Table Ie Dxperimmts were pere
formed on & total of fouwrteen dogs weighing 9 to 17.6 kilograms

saven axpsriments, wﬁm pentabarbital, wes used as the snesthesis
memmmmmmmmmwm
fourtoen axperiments did not show & signifiost
the ma mﬂ in six of the experiments showed decrecses from thut of
control valus., Thess included experiments iserensd of §; per centj two,
s decresse of 11,3 per canty six, s decresse of .6 per centy saven, a deuransd
of 1luli per cent) nine, & doresss of Sa7 per oenty and twslve, a docreass of
Ged por genty The resginder of tém experimenta in this category shownsd alighte
1y dnoreased outpute during the coclusion of the arteriess Thess includsd
xpoyinents M m inoresse of 8 per centy four, an inorease of 6 per omiy
five, an incrvase of 9u0 per centy eipht, sn incresse of 137 por cent) ten,
an ineyeass of 12,3 por osnt, and eleven, an inorease of S.l per cente In em=
perinant ten, showing an inoressed oardies outpub of 12,3 per omt, the contro
output after the garotdd artery ¢laxps ware removed dropped enly L per ;:3
2

afmm&mm,mmuafw
b shange in the outputs ﬁﬂ)q,




not to the original control valne, The yemeining two exporiment:
substantial increasss in the sardlas ocutput betwesn the control end ecclusion
valuss, One (expe 13), produosd an incvesse of 3.5 reveens, the other (exp.
1) showed an incresse of L per cent. towever, in both cases the contrel
outputs after the occluded carotids had been released did not return to norwal
but instend resained noar the ocolusion vutput waluses Therw wes no spparent
thestas ensloyeds
mpticiie « In eight doge (# 2, 3, 5, 6, 11, 12, 13, 1b) the cone
‘ arensady vaually elightdy duweing the latter part of the occlusion
perdody but rore notlscable during the pretescelusion control periods This
change in arygem commeption ranged from an inewssse of 12,5 per ount (ewp. J)
reximately S5 por cent {exp, 13), In six experdimentes
(# 15 & 75 85 % 10) no change in oxygen consumption during the entire ea~
poriuent a5 noted,
sspdratory rate. « In ten weperdmente (F 3, L, 5, 7, 9 10, 11, 12, 13, M)
wmwmwmmmummmﬁmmmm In
o experimemt (f 8), a sl inoresse in the rete was observeds ‘nother
experiment (¢ 2) showed a modayste inoresse in the respivatory rete. 7inally,

10 large incresses in the hoart ruts were cbeexved during the caretid aybevy
In five of these experimnta (# Ly 65 Ts 95 13) the postecociusion
heord rate retumned oloow to the control or to lower lowelss Io Dowe ecoeri-
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mnte (2 1, 3; 10, 11) there was no change in the hesrt rate during.the ooolue
ghone
Stroka wolung, = For the wost part the etroke wolumes did not show wny
signilieant ohangese In ¢loven experiments (F 1, 25 3, 6, 7, £ 25 10, 10,
12, 1) 1% nirrored the shange in cardlac output, Fowsver, in thres experie
aents (F by 8, 13) this 44 nob apply. In experiment four while the eardiso
outyut wae pising, the strole voluwe showod no ghange. In experdment flive,
the stroke wolum decressed slightly when the cardise output mmw. In
experinmt thirtomn, agatn the stroks volune dscreased

whan the gardise ocutpud

lastollc pressures of the right ventricler in slsven dogs (Zzpe 2, 3,
Ly Sy &, 8, 95 10, 11, 12, 1L) U» sadedinstolic pressures inoressed immedla
Iy efter tho carotid coglusion. Tn three doss (M™xp. 1, 7, 13) prectically no
ghangs wes rocorded in the end=dlantolic vressurecs The mesn right mm
lar pressure showed an ineresse durlng the osclusion, In elght dogs (Mxpe 2
35 By 65 9 W0, 32, ML), Tm adx dogw [Bwpe %y Uy 7, Oy 3, 13) thers wuo
almost no shange of the mean precswe during this seriods The gretolie

oral y_progsuves. - The arterinl presoure insressed
W%W&ﬁm The mean artericl pressure showed & range of
increnss from ten to sixty =illiseters of mercary over that of the resting
contaol, with an average incroase of about thiriy-five nilliceters of merouy.
The pulse pressurs, daring the osclusion, in sl) cases, incresse
the normal resting stage.




which the laft ventriculay pressures were recoyrded durdng ourctid ceclusion,
{pee fMgure 2). In svery case there wus o Yiwe in #he gymiolie and mde

diagtolic presiures.

Caydine work, » Ae 8 rosult of carotid artery coclusion, the work of the
Toart inevessed in every exporiment, The sversse riee way arproxinctely 30
por cont (Tadble 1I),
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