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ABÍi'l'lL{(:I'

l'ho ,ulrysical. properties of the vesEel walla whlch detor¡¡l¡te the

respo¡rse of tl¡e yonous systera i,o a d1 stetrillng forco i¡ave been lrleetigated

in the hunan oxtremity. Iù hss bee¡r fou¡rd tlrsrt thero .ts a quantlüatlvely

stgnlficant ttme-relaterl (viseoue) co¡nponellt 1¡r thc reaponse of the vel¡¡e

to stretcl¡. 'fhle me¡¡¡rs tbat sne c,f th<i cleterLntûnts in the relati.orr be-

tween venous vr¡lume and transnural pressure i.s thg rate of ri.se of trar¡g-

¡nura1 pressure, whlch fs a functlon of thc blor¡d florv to the segment.

'Ihis tlme-rotatacl conr¡ronent ln tt¡e reÉpo¡tse to stretch cûn sérve a5 tt

local bufferlng mechsnism, minlmlzlng volumc changos after sudden changes

.i¡r local. pogtcaplllary pressure sush asl occur ¿¡fter changes Ln postttre

or irr l¡lood flop. lilnce bloocl flow aud ap¡rnront venouÉl dlEtenslbillty are

Lnterrelatecl, flow changee nuBt be tahon lnto accc¡u¡rt ln the lnterprstûtiotl

çf studles where v€nous cllstcnstþl ltty curves ore ueed as an lttdox of vetr-

<¡ug tolx',

1t has aiso 1¡ee¡r de¡ut¡nstratart that the lj.nnh sup¡rorted ¿rbove hoart

l.<¡vel c<¡ntalns å1 Rìir¡ln¡âL vol.uue of blood, whlclt is not alteved lry ¡lletbys"

nogra¡rìr cuff presøures UIJ to 40 tml i{Éf"

/9ept6



--1-

There l¡ag r"ecently been colis;l¡ierable lutoreat 1n tho contrlbutlons

t¡f the ve¡lous systern tu cardiov¿rgcular l¡¡¡nreostasLs ln mân, l, 2 Ìrut it¡vras'-

tfgatlon of the ¡rhysical cbåracterlsblcs of ühc vcl¡ùus wall itself llas beeil

lfmited. ì'1any tisr"ues display a tl.nr:-r'slatecl i>r vlscoris comfloÌ.le¡¡t ln thelr

rsgponge to stretclr, ;li, 4 as lr¿rg boe¡r de¡ncr¡rsti'ated in tlre s¡rlancliltlc venc,us

system of thr¡ dog, rvlrere thci slo¡re <¡f the; dlstenslbfllty surve relatirrg ven-

ous ìlreoËure to volume is inf,Iuerrcc+d by the rate of flllln¡.,1r5. A si6lnif-

lcsnt viscous cû¡Trponert'! in the resistalrce of tl¡e ve¡loug syeten to tllgte¡rsio¡r

ïroulcì t¡uffer the €ff€ct of a ¡uclden i¡rsre¿¡¡Je 1a trqns¡ûural prcsaure. The

nragnltude of thLs effocrt wt¡uld i¡rc¡'ei¡se vJ:itl¡ Í¡rcreasft¡g r:ltcÉ of charrgo,

and thus cc¡uld i¡e o;f cqrsl{¡sralrle im¡rortr¡ttct'.r.

In the case r¡f tlre hun¡arr exbrornity tl¡e rate of, ve¡ruuo distengiu¡r

aftor proximul venous c¡cclr¡gion 1s a func'Nl.ori of the blc¡o¡.1 {Iow, Tl¡r¡ nlclt}¡od

of venoug ecclusisn ¡rleüIiysnrrrgr*¡phy, clasnlcaLly used fr¡r mensurlng ìrh:tlrl

flow <¡f, the extremltles Ln matr, hus alpo been used to obtaÍn venous dlstcn-

stbtllty curvgs. 'Xhus, tl¡e,lr¡fluencÊ of rate of flllittg o¡r the n¡rpuroilt

dlstensLbll.ity of huma¡r veins can be cvaluatcd by alterlng the rate of

þlood flow in a linlîr sep,ti¡ent *lrlle rcoo¡rlng tl¡e transmural ptressure of the

verlous systern clrJ¡¡ertarit. Thls wåÉ¡ acccnn¡rllshed by tho uee of alrfiLled

rgbber plothysmogrnph crrffe a't varylng pf,esËurcn for the measure¡nent of,

l.¡oth blood fl"ow snd vonous rlíetenslbtllüy. tìueh a üuff can apply a pr€Ê-

r¡ure of variable magnltucle rvhtch wlll moüify the tnov€ment of blt'od lntc)

the timb seg¡Rent un<lor sttrcly. Ity keolrLng tlrei preËsure dlffere¡1,-,i;' Itctwce¡l

the venous occlusLolr cuff, and the plethyemoglaph cuff conetantr it has

been pooslble to ¡n€asrlro the appare¡rt venous dletenetbillty at dlfferotrt

sllow¡¡ l¡ut a constant t¿"ansmural pressure.
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3l5l__B,lg!.SyS¡gggl'gpþ. the air-ftrll.eid, f.lu-xl.b1e :¡:ubi¡e¡r cr.rf.f ¡il.e'bh-

ysno¡g.raph descrlbeil by i)r:hn {$) und oinpluyr:d ittthe srturlieg of Graf atrd

llosterstcn (7) rvas¡ ¡-rsed th.roug^b,;;ut thls r;'i;udy. 'l'l¡e suffs we.r* Í, r:tn r#ld+

uncl ln û :,$nge of (:lt'çr¡.rJûfercucer¿ to provJ-.Je n ¿:occl flt arot¡¡rd tlle* c:alf of

rr.l"l su-bJects. The plethytlilìograiJtì $as üoirlrrJeted to tlto pressü-r€r tr'','i¡t,Cr¡cer

r¡f a Viln<¡graph ()ilçct:rorneiliernl En¿4-lneerf.trg Ca,), ourl callÌ:rate¡rt by tll.n-

¡llacement r:f 1.O n¡l ìnto the air r:ystem sncLon$id in the plethj¡e*ìoglnpl:

cuff , con¡reeting tul"r:lttl; er¡d tra¡rrelucçi'.

The;ysterû ïrnl test¡:d on n möriel. cot¡sigtf.trgl ,.rf r-i. [-{lu$n beakcr,

¡¡rounrJ the:r circuniferenc+3 c¡f shåch vrrìs 1Tr&llpcd a tlll.n'.çnlled nrbber tttbe,

cl"osed a'b rlnc¡ e¡r¡l and cc-¡nltseted tü a mtitc;.¡'"'clrj.ven syrt.nge nt thç otltev:.

lllre irlethysmograptr cuff r';cg ¡:Ieceri. ovc:" tire .¡rul:lier tubt' and 1¡rf,¡¡slo¡r of

hnown voh¡rneß of rv¡ìter l¡rto thc tuttllrg rni.¡aj-clceil vol"rune lncrear¡es :Lrt n

.l i.nb eegment, The taunpc.rature of tl¡e lnJccted uater ùnd vJator ff lllng

tt¡e bc¡aker ï,¿tnj l¡eld constnnt. F.itnrre J. sholvs tlle r.tréìflectlons of the

rscordirg ¡ten plotted r.:¿gat.nst the dr*flectLuns oxixlctjctl f,r,xn the ealÈb'"

ratlon of the Vaecrglreph ¡:rlor ûo ancl aftor the rnensurenent. Thleo were

Ln good agreernent, over rr wLde range <rf; t€mpeîsttlres and plethy;nograph

r:uff f.¡rçerJutres. 'I'he voh¡¡te tnJected was rrp to ÍåO ¡nl , which rreß groater

tha¡r tl¡e largest volune chango rocorded in the human extreultle6.

The vonous occluslon cuff and the sllstal cuf,f , to cut ttff the

clrculatlon of the foot, ilera nrbber cuffe B cm wlde, \¡,lth noncllstensihle

backíng.

Procedure. Tlre oxperlmente were perfonned ln a conatant-tem-

¡rerature room ¿rt tJO l: CI.5o C. 'l'ire suTrJeet*: were lyf ng conf,ortably on a

'betl with ona leg su¡rported so thnt the e¡rtlrc calf was abe¡ve heartlevel .



i" ¡rtothysnograph ouf,f of suitablo efrcrtmferslrce was place<l arot¡nd the tl¡lr:k-

cfit part of tl¡e ealf, er¡¡rnecteei to tl¡e recording aysten and lnflated t{)

otther LO or 40 un llg (¡rossure. The proxi¡nal occlusio¡r cuff was applled

at s dletance fro¡u the plethysmograph euff such that only a very gnall"

cuf,f artlfact was obtalned when 1t r,ras lnf,laterl, geuerally n distanco of

5 to I c¡n. The distal cuff was applied around tlre anklo.

'I'he subJects were sllowed to aclal:t to the room tenptrraturo for

l lrour l¡efore the first neagurenent. In each test thrç rlüntal cuff, rvas

tnflated to aupraeystol.lc preÉ¡aurê¡ the syatem calfbraùed and the occl-

usio¡r cuff rapldly Lnfleited by opentng a val.vo to a large alr roservoir

preset at the deelr€d preasure. Po:ntlonc+ o:f at leaat three ftlltng curvee

tlere reeorded to ncfisure blood flow a¡rd tho next Uan fr¡Lloued untlL eq'-tL}-

fþriruo at an lr¡creasetl vol.ume wEs reachecl. In thfs way, hoth flow and max-

lmum fncrease in venouÊ volume In the Éegment rvoro ostl.¡natod for dlfferent

corrbtnetlons of frrsssur€É ln the plethysnogr:n¡rh nnd venoue occlu,çlon cuffs.

!'or each sul¡Joct, threo such teet$ were made witb ôcclrrslon cuf,f

and plethysrnograph pressur€s of 30 and Lf) mn IIg, respectlvoly, and three

tests with preasure$ of 6O and 4O rnn Hg. 'fhe ¡rreeeure tllfferenrle betweett

thr¡ two cuff,s, tho transmural pr€asure applled to the vetns ttnder Èh<:

plethysnogra¡:h, lvâe 2O ¡m IIg for troth combinatlons of ¡rreaeuros. I'Iowever,

the fl"ow rate ncs alvays Lower when the pLethyÊmograph cuff pressur€ YJâs

4û than when it was 10 rsn lilß. Tests wlth the t*,o preaar¡ra cexnbJ.nsttons

were porfonned altelrnately on eaclt subJect, the ¡lrossureË for the flrst

test tteing selected i¡r a ra¡rdsn faghlon. rl perirad of at leaet flve mln-

utss uas al}owed botween teiets r*ith the plethyrrograph cuff prosstlre scl'"

Justed to the }evel ar¡lrropriute for tho next cletc¿nnlnatlon to aLltl* the

cfrcu'latlorl ln the segrnent to aelJr:st to the applLet.l ext(3;nia1 []rar¡sur6.
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The trans¡niaÊÍo¡r of pressure f,rour the lrlothysmograph and oocl.

usfon cuffs lnto tho Lfmb was che¡¡ked ln tl¡e foreann, vhere vel¡rs are

more easily acces"*:i.t¡Ie for cannulatfc¡n. 'l'ho ¡.ireseure Ln a vei¡r under

the plethyernogra¡rh cuf,f was recr¡rdød r¡ith an fu¡dwelÌing needle or Ln-

travenous catheter connected t,o s Stathatn prossure traneducer and a

VisLcoriler. In 2 suclr exporinonte, lt r*as fot¡rrd that any lncrenent ln

prassur€ ln otthor s¡f tlle cuff,s lndivictuully gave a proportl.o¡¡ate pres-

s¡ure lncrerne¡rt ilr tlrrg vetrn under the plethysrÍlograph cuff.

Tlre posuibili.ty of a slow morJe¡rrg¡rt c¡f tlesue fron thrl Éegnernt

ur¡d¿r¡: tlre prox:knal occltts;L{rn cuff llrto the p}cthysmogra¡rh r so that tlte

l,nng;eir ¡rarlod erf occlusi¡.¡n r¡gsoolated with lorvor fl<¡ws woui.d record

frorn a l.arger volun¡e of t1$suo tban dicl ¡¡ sh<.¡rter perlorl , \traË' explored

lrr the ferllnwl:rg rvay. iL 1.0 cm-ïrltle cuff, wns a¡rplled arounti tbe thigh,

i.,g., ,croxinral üo lrr.¡tl¡ the plotlrysmograph a¡¡d colleetltt¡¡ suffsr and in-

f Iaür¡d 'to a suprasystoll* prossur's. ¡I:lter r¡ few rnLnutes equlLli)ratLon,

tbe occluslon cuff rvas infl.eted ar¡d ths restrlt:Ltt6; eiffect t¡n tl¡e vulttrre

¡;ncle.r" the lrlethysnrograph rocorclsd. Irfo lncresgë ÌväE four¡d nl¡en tllo occl-

rrr¡1u¡r antl pletily¡Jtilogrsirh cuffs wore plncecl at a ¿lfstance sttclr that tt¡e

r:pff artlfact w¡rs mlnirnal. llhon th€r two cuff¡¡ *ere plar;oil clt¡srå to6other

t,hc¡¡.r¡ w*Âs !t lrrrge rnp:kl incroaae in rnensurod volwre (cuff artit'act) fol-

l.owed by a sl.ower pltase of volu¡ro lficro¿¡Íte. 'llhert proÉeut, the sl,orv votruue

cl¡ange wnç tlre sanle fer both pressure co¡¡tblrrutl¡¡ns used fr¡ these ex*

periments.

iîLnco the estl.lnations{ of t,ho venoug dlste¡rÉíIon t¡e¡'ø made witlr

two dtfforent, pfosÍrurcs ln ther pletlrysruogr'n¡:h, tho possftrlllty had to

Ï:e eorrslrierercl tllat tt¡c¡ twc m€JâËuren¡enls ctarteEl at rflfferen'ü baee.lj"ncs,

3,_,g,., tlrat thr.¡ veii:s vrt:re omptlod mor:a uum¡>lcücJ.y þy the }rlgher pl"ethys-

nagraph pressure. Tlrla pusslbi.lt.ty !er'¡Ér ârìsf.)ssed lly oxperlmettts af thê
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fo.Llerwlng4 ty¡rc. The subjeet lay cul ¿¡ horlzo¡rtal tl-tt-t¿rtrle rvJ.th the ¡rlethyr"

lnoggra¡rlr cuff <¡rr a calf, sup¡:ortecl at¡ove he¡-¡rt lcvt*l-. No erther cttffs were

u*;eC. 'fhr¡ t¿rble uas tllterl fron the horizotrtal tr: t¡ead-ttp positious of

a¡lproxlmately J.0o anrl ãOo and a lread-<lown posltlon of lûo, a¡rd tt¡ra volwne

clra¡tge of the calf oegnent recorded. The results¡ ofl er ty¡lical experirnerrt

Erre shuwn 1¡¡ ffgrrre 2. T!¡e v<¡lume lncrease at each atrglo of l¡ead'-up tj.lt

w¿ìs raprclduclb!.e, and vuri.e¡l lnversely wlth the prenìsure ln the plethys*

nrograpl¡ cuff. I'lowover, whe¡¡ thr¿ subJect was tiltecl to ¡r l0o Ïreacl clown

posltiorr, no vr:lumc cbango occurrecl at atry of tho cttff pl'essures. This

indlcatgct tbat the veine c¡f a r¡onunl extreurtty held above heart level colt-

taln a ¡nlnl¡nal vol"tune of blc¡od, whfclr is not ¿rltel'ecl by cuff ¡lfee¡sures

withln the range e.rn¡rloyecl ln thoae experl'ntents.

In another typo of expertment the¡ eff,eet of fllllng ratc or¡ the

ctister¡slbiftty Lìf n Íiupêrflclal f<¡rea¡rn veLn was f,nvestl.gated by the lso-

L¡rterl venous segïnent technlque (8). A long venotls segnent urithout appâr-

sut trltutarlos nae lgülated between tt¡¡o clamps fttted arurrnd the artn' f.

Z0*,gau6e rreerile wâs -Luserted intc¡ the isoLatetl segme¡rt and heparf.nlaerl

sali¡re inflrrsed. The velp segment, was then ei:t¡rtieel iry sto¡rping the ir¡fus-

:[u¡, releasfng ttre ¡rroximal clann¡ro a.rrd rtroklng ttre vein proxlnia].ly nlt]r

the firrger, fr.rL1o$1ng which the clamp was reÉpplled. 'llte empty vein seg;-

rnept was then fll".t¿ld nith heparlnized sal.lne by neatrs of n notor'drivert

syr1rrge alrd the ct¡neonnmltrrrrt, ¡rreasrrre incrêas€) racorded vrltt¡ Á,Í " $tntha¡n

['ä3ÂÇ transclueer conrrected ts ;.¡ i/l.glcorder. 'l'lrls ¡rrocedure was repeated

at rllff,ere¡t InJectto¡r rates lu raudoul ot'dor, nnd the llressttrês obtålr¡aLl

for oqua-¡. tnJectlon vrJl"rmeÉ ¡rlotted r¡fter co¡rrectl<¡n ll¡¡r presÊurê drop l.n

the tril¡:l¡rg, vlhíclr +ias nl:l¡rfnìa1.

.lgþJS.ç!.g,. Twelve trealthy *;ubJcets, csf6¡ht male6 and Jl<¡ur females

.¡.:n¡rgi.¡rtq.[ir rrg<,1 fyr¡û iì{i tr¡ iì€i ye*ìrs, \q{}ft, used:L¡t thelge -ox¡:erJ.inetrts. N¡¡ne
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lraci si¡¡lls trf varlc¡¡Ë{¡ vriJ.ns, or of other carcì-lc¡vÉrsctrlar tllseascl.
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11. ¡ri.'J{iÍil1'{:} (.):ll 4ii rlut fig i¡r t}¡e I}lothyiinlürå{fâFrh rðEuIttJcl it¡ a lu'.ri*r

È¡l<¡c¡cl flçr'r lu tI¡ç .:¿rlf sog¡xü¡It Ll¡a* dla¡ a pr$sl.nur'c of 1():nnr ÍIg i.lt all

üF¡sÊã¡ ljl¡rce the proximal c'ccluslor¡ cuff r)rëgslrrc was alwaye 2O mm llg

htghtlr tl¡a¡¡ the plethysrcogr¿¡ph prcËsure, tlto $y$teia msde Lt poarii:Ic t*

csmtr)a¡dr th<¡ ve¡rcus d!ste¡rslbifåty aü Ê cúrrrrtaut tranpmural pressurc but,

at tliffor'e¡¡È 'blood flolvs.

'll¡o resul'tÉi of experiuer¡ts ù¡1 tllo tw*lve subJects år€ shorl¡r Ín

ffgure::if ilt¡ere tl¡a ¡noan volumo lncrease is plui;ted agairret Èhe ¡¡ea¡¡ l¡lood

flow f,or eacir aubJecb a;rd a¡ach coü¡þl¡ratio¡¡ of euft'prsÉsur€s. It is atp'.

parent that tl¡e vel¡rg cr¡nsiEtently aceunulat,ed larger velumcg of, l¡loott

r¡t lc¡wer f lows, althotrgl¡ tl¡e tra¡¡omural irreissu:ieÊi were ur¡altered. Tt¡e

lower flerw nates also lïere r€f.lested ir¡ rì elower r¡pproach tu equilfbrl.ruu.

Íiç¡¡o cr¡ncluslous aþsut tire visr:,t¡-elnstlc prupertLog of the v{rlns

iir tlie calf may þe drav¿n fra¡n thsso results. lli¡r{:o elaBtlc:Lty iB a pruperty

wl¡i.cl¡ ls unrelated to the rate of applÍcat.ion ¡¡f rt force, the dlfference

:ln r¡rnc¡ug vr¡lu¡ne at dl{fersnt l¡lood f1c¡ws Íruut be due tu a vlst:ous com*

trirtnen't in the regponsf; of the vessel w¿llc t,<¡ çtretct¡. It i6 apparerrt

frr¡n tl¡c elata preoen'ùed iir figerrr.r iJ t¡¡aÈ ti¡ls tlrne-relateri cult¡)ullt.'rtt

¡¡ade u lErÉie colt'[riþutic¡r¡ t<¡ the total venous vo:uí¡ß. Å rough estiu¡aùio¡¡

*¡i Èl¡e ¡rartr,i ptrryctl try clersütc und våsrlous eornportenÈs câri be narle {:y

¡r.totÈlirg tt¡e cûIlccted l¡loorl voluure ut eqr.rlli.þritr¡u against the tLno taker¡

t¿¡ reaclr 'üllls êqull.ibr.iu¡r¡. lf a straight llne drawn through tt¡eg.J poLr¡Ù$

fr¡f sraclr øubjcct ,i.s c.xtraylslate¡l to ù t1¡na, l.ts lntercelrt e¡¡¡ tl¡E volur{e

¿ix3.g Êlruulql çorrcsporrd to tl¡c¡ cr¡l¡'LrlbuûIon of :no¡tviscous elsmo¡rts üo 'the

tttsitci¡si.c.r¡. ;:;tteÏ¡ r¡ s:¡lcrilation I¡rvolves tl¡e ar¡sumptlon that tirr¡ contrlb-

¡¡tf.sn r¡f, the vi$r;úu¡i Colni)o¡¡eiit j.Ìrr:r$aÊe$.titreiarly wlti¡ t;l¡ne, whiclt lnay ii$t
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be entirely correct. llowever, if thts a¡rproxirnatlc¡¡r 1s aece¡rted, plotÊ

for ten subJects Índlcatecl a vlseous componetrt e¡f 40 t fl% (S.11") of the

total verious diste¡rsion at control resting florvs, art<l a ntuch lnrger pcr'-'

elentage at lower flows.

The effect of rate of fllli.ng on tlre apparent dlstei¡slbility of

hunan velns was also dernonetrated lrr lsslatecl sogmonts of euperflcial fore*

ar¡n veLns (figure o1). In order to demorrstrate the plrenonenon clearly at

ptryslologlcal pressures and volumee, a *ide ra$ge of filltng fatee was

qsrld. The recorded preesure'-vr¡lumê curvês were clearly nffectecl by ltr'-

fuslon rr¡te r¡ven at ninimal presaurer¡ ¿.t¡¡d volu¡¡es, the pressure rrt any

volumç¡ being a direct functLon of the rate of fflling.
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DTSCU$SION

The propertleo of a naterfal wl¡lch aff,ect 1ts resistance to de-

formatlon can be divtded lnto three cqnponents *'- vlscous, olastl.c, and

Lnertlal. Tl¡e vlgeouÉ cronponent is thaü prlilerty whlch rnskes defs¡mat,fon

a functl.on of the r¿rte at whlch force ls applled, The elasüLe component

ls lndepenrlent of tfme, or the rate of a¡rplLcatlon of fr¡rce, and thc in-

ertial ccunponent is â funstlon of the acceleratlon <¡f the n¡aterlal, Peter-

son e-t gå. f, ltave qrrarrtltated these faetors for the norta anrl largo ves.-

sels of the dog:. The elarttc cørponeut vas qtrantltattvely the most fn-

portant lrr that system, followed lry the viscous componont, uhlch rvas

much gmaller. The i.nertial ecmponc:ut trss ncgllgiblo. The ¡rrosent stud-

Les indicâte that in the vênous sectlon i¡f tl¡o perLpheral vsscular l¡ed

ln man the viscous conpon€nt oË the reslstnnce tu defo¡mation is an lm-.

portânt fÍrctor detetmlnlng th{r relatfonelrl¡-r lletweeÍr vol,r¡J¡re and trsngnursl

preËsur€; belng lnv<¡lved ln some 40% of tl¡e volune increase measured at

noma} rest,lng l¡lood lilons and a higher ilorcentage st lower f,Ioïrs.

Tbe possfble efføct on clrculatory lr<¡¡neostasls of guch a marked

viscous component in tbs rësponsê of the venouÉ, eystem to a change fn pr'êÉ*

strre 1g of sone intereÉt. PosturaL change or arterr.olar dllatatlon car¡ 1rr.-

cre&Ëe the transminelr¡n of prensure to the ¡rostcapll.lary vessel$ of a giv,an

vasculur bed. 'fhis Lncrease ln postca¡ll.llary ¡rreøsure should lncrssse local

vascular volu¡no and thus decrease the venous return to the heart, llowover,

a large vfscous component in thr¡ rðsÌ)onse ctf the postcaplllary veesele to

cllstenslon would tend to nlninlze tbls effect, actLng in nany rråyÊ ss B

postcaplllory analogue of ùhe autoregulatory meehanlsms in precaplllary

vessels. 10 Çunversaly, Ln the bypodynanlc shoel< âtate, uhlclr ie assoc,-

.l¿rted rvlth ver,y low l¡lood flows, s¡ty increase *n ftrow foll"owl.ng transfusåon
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vlould terld tt¡ be dlsslpated fn a elowly expanclLng venous space.

TÌ¡e exlstonco of a quanti.tatlvely rlgnlficant vlgcous conponent

in tt¡e loÉponse of velns to etretch also ls inportsnt to the lnterprotation

of the resultg of, studles of venous tone. The nethod usød most cornmonly for

nbtaining an index of veuous tsne !.n mÊu ls construction of tr curva relating

volur*e <¡f a llnb sôßno¡¡t, measuÌed pl.ethyenographically, t,o either the ¡rres-

sure ln a proxfma]. lnflated cuff,u or to tbe ¡rressur€ measured tn å vsnouË

aegrnent i¡r tbo pletlrysnograph. Vèn¡¡cousùrictlon (increased vet¡omotor tone)

ie reftected ln a shlft of, the curve to tl¡e rlght and venodlLatatlon in a

shift ür¡ the loft. Ìf,.,r¡êvêr, in u1l criaes wlrere the effeste of pharnucol:

ogical agents or reflex stlmull l¡ave boen lnvestigated, concomnltant flow

changes havs or:ctrred, and these often lrave n¡¡t been congldered ln the

lnterpretatio¡r of tl¡e presãure*volume curvoø.

Several proviously re¡rortecl and spparently anomalous resBonseg

c.¡f the velng in men nny be reÍnterpreted ln tbe ltght of thr¡ pregent fincT*

lngs. The observatlon that Ot adrenergic blocksde wlth pbenoxyltenzarnine dld

not appoar to lnhlbtt forear¡n venoconstrLetlon in response to adrenallue

was interpreted êË Euggosti.ng elther that there aro nQ rx receptom in velrtst

or thst plrenoxyber¡samlne Ls flxed by thø arterloles so rapldty that it

dr:es not real:h tlre velnr*. 1I A more plaueible lnterpreta'ù1on le that

l¡h¡clçade of venomotor tone rtas obscured lry tl¡e reduced apparent dlsten-

níþllity due tr¡ the incrensed forear¡n blooct flow Lnduced by adrenallne

after phenoxybe¡rzsnl¡¡e. The postural hypotensl,on generally seen af,tor

phenoxylranzsmiltro suggests that, ln f,act, lt does induce a prøtlnent vsn-

onotor bloekade. Ânglotensin has beon re¡:eatedly denonstrated to causè

ltttlê or ncì venoconstrlstlon in anlma.tø, L?" l.:J, l/t $nd in uan, I5' lti

usiug teehnfques rrot, o.ffocted by the rate of veruJue flll"ltrg. iln lso}ât$d

observatlcn that nrrgLotenr:Lr:n ur¡rpeared to cåuae venocolrgtrlctl<¡¡r i¡t tho
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hlmarr f<¡re¿lr¡n 1? ruay hava beon prlnrarily u reflec'ti.olr E¡f the irtcrease Ln

f1¡rear'¡n btroL¡d flow -t¡rctrrr:ed by thls agerrt i8, .É:n ¿trea whel'e recognltlun

cf tt¡e¡ ccrntrtbutlon of vigcsus fûctors tr¡ v¡*tr¡us dlstensiL,lllt¡" ir of

great lmportairco Ís j.n the assessnent of vr:irous ùone duritrg shock. Thc

very low flu$;s geer¡ in sl¡oc!( ean ùåus$ tl¡e veirts to appeur di}ated, :Lr-

regpeetivs úf the actual veTrotls tone, wlth consil(luent nlsitrtelpreÈa'tLon

uf thø cauÊo of tttt¡ hypotettslon.

A1r¡tt¡or tc¡¡ic nrori ü,irtg discussiot¡ is tl¡c fincllng that tl¡et

Li¡¡t¡ treld abc¡ve he¡srt lcvt¡l ia ùruly at r¡ mfr¡'ir¡lal volruÍe. Ullilç thLs

¡r¿sl'bÍonillg of a l.tr¡¡t¡ hag Ì:recn vllria;ly rtsecl. ns I'r nlethod for ubt,atnin¡1 a

constant l¡asolll¡o, .[$ urtd cecns 3 È:åos:å. tr¡ be acce¡rtsble, there has

l¡een rolqtlvely 'Llttre direct evldence thnt thls i8 stl' The experfnrents

preoentcd aþq¡ve øuggest very strolgly Ètrat tlre "¡rhleï¡ostaÈic level" clo€s

ap¡rroximate a mlrtlnral volume state.
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