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C.l#,gTER I

THE PROBLBI AND IIS BACKûROUND

À. INTAOÐUCTÏON

1. Reason for ttr e study. Si¡ce the introduction in 1905 of the

auscultatory ¡iethod oí rneasuring arte:'j-al pressur'e in irumans, ôbseÍva-

¿ions obtained by ite use have formed the basis for nany clinicåL ånd

statístÍcal studies and thèi¡ cqrtin¿e to be an ínportant g,ride to

treatment, and. pregnosis. Because of this it is Cesirable to have å

clear understanding of the neaning of such measurendr ts but onLy

recentl-v hês attention been focused on the errors of th€ :ì€thod.

Although invesligaticns conducted in the past fifteen ¡rears h¿ve shÕwn

that it hê6 grave d.efects, there is, as yet, no generel .:nderstanding

of either the factors whích nay affect the measurements or of Èhe

rr,egnitude of the errors thef i¡i"o¿o"u.

2" S"¿lameo'u of the p¡'oblep" This s tudy Nes unde¡'iaken to deterrnine

the ßore irnportant factors affecting the auscultatory rßeâsureÍlent of

the arteriaL pressure, to gain some insight into t}loir node of operation,

and tc evafua¿e thelr inffuence" It was hçed t'hat such i¡fo r:î@ ti on

would enable correction ÍÕrmllåe to be estabLished. According\'Utis

report deais s irplf !,rith lrhe tschníque of neasurenent to the exclusíon

of êny considerati on of the Linitatåons ílçosed en the interpretatiôn

cf pressure estiÍe,tions b;¡ the essentially variabl-e natuï'e of th€



2'

B. DEEINITTONS

3, General descriptlon of circul¿to4¡ system. The cl rculatory

systern eonsists of a continuous series of vessels of which the arLerles

are the nost frporfant to the prêsøtt studi and tt¡e heart, actiJrg as e

punp, is reçonsfble for the generati on of energjr in the systen. The

energr at any poi¡t in the arterial systen has severaL conçronents, the

energy of posltion, the ener6' of pressure, e¡rd the enerry of flo¡¡. As

t¡e first of t¡ese 1s not re.flected i¡ the neasu?ensrt s lt u'iII not be

furttr e¡ dissussed. The latter two contribute to ¡neasurernen ts of ar-

teria)- pressure to a ve"iable exLent dependi¡g on the technlque of

toeasu rement.

b. Various pressures existi¡g in the system. fhe erierry of presstre,

usuaLly t ermed Laterel pressure rnhen sp eaking of arterial- presslrle, 1a

the pres$¡re exerted agaínst the waAls of the arbery nhen the flow is

unjrqpeded. The enerry of flow is not neåsured as such but it is a

eoryonent of end prèssure, TrÌ¡fch i.s the pressure flhen tf¡e flow is stopp ed.

&rd pressure consists of lateral pressur€ plus the pressurê arislng from

the conversion of kinetÍc energr into statíc energy. It may be noted

tÀat t'hls concelption of end pressure 1E partLy theoretlcal because it

1s i4possíb1e to prevent movqnsrt of fluld in. the liv:ing systen, and

coneequentþ end pressrire as tûeaaured in an¡r vesseL tends to reflect

the lateral pressure of the ¡nore proxi:naI vessels Ín rhich the flc¡r

conti.r¡ue6. As the circulatotïr syst€m is pulsatile in nature, fout

f¡rrth er definitionS are neeessary. Systoì.ic pressu¡e is the naxi¡u¡¡

l: l
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and ¿tiastollc pressure is the ninirnrn deveJ'oped ôrring e pulse cycle,

vrhlle pulse pÎes$¡re is the differênee betÌveen systolic and diastolic

pressures. Mean pressure is the Aver€.ge pressure present àrring a

pul-se cycLe and. therefore is derpendent not only ori the systoLic ar¡d

the dLasto l"ic p¡essure, but elso on the shape of ttre pulse curve ' Thesê

pressures nay be elther end or LateraL.

C. ÙIAJOR FACTORS AFTECTING TIM PRESSUNES ]N TI-IE ÀRTERTAL SYSTMT

5. &nrnerati on of fagtors. The mean arberial- oressure is chiefly

dependent upon the 
¡ardíac 

output which govems the rate of entry of

the blood into tlle arteri.al systen and upon the peripheral- resiatånce

which detennines tÏÞ rate of ernptying of ttre systern' However the

distribntlon of pressure in time, that is, throrgh a puì'se cycle, will

also depend upon ttre vofune elasticity of the vessels' The bearing of

the6e factors on the present problein can be bniefly indlcated'

6. Cardiec output. Cardiac outpr:.t is a firnction of tÌ¡ e fþequency

and the stroke volune of tt¡e heart. I.f the cardiac output and the

peliphe!'al- resistaric e reÐÂin constant, the frequency of the heart vrilI

determi¡ethestrokevofurnewhlchwilllntulî¡detemifìethecontourof

the pulse. Under these conditi ons a change in frequency will cause

Lerge changes in the systolLc and diastollc pressure, but the ¡nean

p ressure w111 renain constant.

7" Peg&Ïrgltl Resistênce. Perípheral resistance is deÈermlned þ

the v:iscosity of the blood and by frictíon. For the purposes of thls



study the first nay be considered constant, lryhile fricti on is a

variable faetor and depends on the cafibre of the terminal vessels "

Dil"atatíon of these vessels produces ar' inerease ín the velosÍty of

flow which wÍfl- cause á dec"""s" in later¿l pressur€. Cbvtously the

end preszure u:il] not be êffected íf trìe vâsodilatati on occurs distal

to the point of meazure¡nent.

Ba. The voþca el-astic¡ty. The volume el-asticity of the arterfes is

higþþ r nrportant to the dynanics of the systen. As the central arteríes

have a large capacity and elastie wa1ls they serve the ftnction of a

r reservoir, indeed lralf tfte systotic discharge is stored ih the aorta,

to be moved onward during díastoLe by the efastic recoil of the arterlaL

walIs (Wiggers 191+[). n i? prçelty of the arterial wa]Is is e:çressed

by the volurrc elasticity coefflicient, which ståtes the relationship

betwesr the eh€Jìges in pressure. and the changes in volume caused by

alterations in either of these factors.

Bb. IIallock and Benson (r93?) ita*te prouided an example of the i:apor-

tance of this coeÍficient. lTey plotted the volune eLasiiclty curvesi

of aortas, obtairred post mortoa, for various age groups. Fron t'hese

curves shown in Figure 1, it is 6een that the distenslbil-iþ deereases

progressively nrith age, while in Figure 2 it is seen tlrat at the sanße

time the siøe cf the aorta ard Lts branches increases, thus partþ off-

sett'íng tlìe effect of a decreased distensibillty. If no chen ge i¡

volune had ocq¡rred it Ís obvious tlrat very hlgh pulse pressures would

be produced by the 1o6s of e]åstlcity.
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gc" Volume el¿sticit)' has another important influence on arte:'ia1

pressure through its eontrcl of the puise '¡'ave 
,i¡el-ocity ' The velÛcj-tJ¡

of 
. 
tire pu1-se lYave has been shorqr' by Þanmrel1 and Hil] (1922) to depend

to a snaLl degree on the velocity of the b3-cod', but chiefl)¡ on the

el"asticity of the arterial wall-. These authors studied the velocity of

the arterj-al pul-se in humans and their resr:lts vrere incorporaì;ed irt

the follo¡É ng equetion:

v(velocif ) = _ 3^17 *""

TÌ:e veÌu¡ne elasticity coefftcient, as shonn in Figure 1 decreases at

high pressures. This vrill cause the crest of the pulse wâve to i'ravel

at a fester rate than tfìe inítial part of t,he puLse wave, and this

red-isiributi on of energy Tg.ifl cause the wave to become steeper in its

progress tos¡ard s ttr e peri-phery" Tlìis is evident ir¡ figure 3¡ wh ere

sis¡ultaneous tråcings fron tbe a:rill-aryr føncral, and fron the dcrsau-s

pedis arteries are shoum 
"

9. O+.l1gr factors' Despite the sirplicity of the cÛ¡cepts underlyirrg

the henodynanics of i;Ìre arterial' sl¡sten t'h e 'rari-ous factors are difficult

tc meãsure. Therefo?e t"h e j-nportanee oí the reflected waves and 'ohe

natural rescnance of the systen which has been s+-ressed ty Uarnifton (19h\)

is d¿fîicìtlt to evaluate.

D. THE ÐEVE1,OP!I¡]1{T OE THE AU S CUT,TAIÐ RY ¡{EÏIOD

EarJ-y nethods of rûea$t ring art'eIia:- pressure. Stephen ital-es (1733)1û,
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-r¡as the .fi!'sf, to ¡ieåsure e"+,erí31 pl'essure' This was accoriq:iíshed by

cofirecting the er-¿ra1 arteïy oi e þcrse rrith a lcng g]-ass lube' Althcuglr

his c*ntri l¡¡ti on is noï¡ regarcleC as being higiriy inrportant, it is re*

narkable.,,tst it di-cl not direeil-y st1ru1ate an)' ûther v¡orkers ard he

hi?nself was diverted by his concem lrith botany and with *åe ventil'ation

ofshipsandjalls.Itî¡asnot1rntillB2Bt'hatPoiseui'ile(Garrisonl!lf)'

starting from lÞlesls original eryerj'astt, i;np;r: ved upon it by

subsütutlng ê ne¡ü]ry rnanoraeter fcr tåre inconvonis,t long tube' The

corlrr€ctióil with tlre ar+.ezy 
"lras 

es'"ablished b)' means Ûf a feed cenn'¿la

Slled. with potassiirm ca¡'bonate. Cari Ludwig ( ¡Ttll 19C0 a) in l8l+?

added a flÕa'r, caÏryíng a li:'iting stylus to the rnercury nanometer and

recorded. the variaücns in arteriaf pl-essurt on a smoked drun or

lrK),mographiontt. Sys+'ciíc ancl diast¡lip pïessure cculd noi be accurately

esti-¡aated because oi the Lolr frequency cf the Ílerol :'y na¡cüeteri ?¡hlch

lyâs only 2 cycles per second, h¡! a close ryproximation of '¡nean

Þressure was obtained ' The l-ast arlvance in dirêc+" methoCs of neasurj¡g

ar¿erial- pres silï'e before the developmen+" oÍ the auss¡ltatory nethod

came Ï¡ith the intr¡oducti on by llr:rthle ( Hill 1900 b) in 1BBB of a mâno-

meter whieh cô¡tbined a spring resistance rtith a hea''õ¡ nrbber meÏtbr¿rne t

tire move:aent,s of ',,he me-rnbrane bei^ng anplifieci þ a mechanic¿l- leve?:'

The rysiell was considered to be abl-e to respond tÕ varia+-icns having

a frequency up to )+O cycles per secÜnd, b¿t becanse a canrula was

required it was not vely satisíaci¿ 1-J' for the rneasurensrt of arierial

press"¿re in naJ'I .



]1. qlf4!!t! rÊthods- 1eC4itA to the ausc]Il-ta +'Õ ry ne+4o4. The fjrst

indirect measurenê:i t of a:'terial pressure Fres atterpted by VierÛdt

( Fauehi lgl-6 a) in 1855 who placed a series of wei-gh+.s over the radial

artery uni5.1 t¡¡e pulse 'wave oblite:'ated. Von Basch ( IÞught 191é a) fn

l-BJó placed a water fill.ed pelotte connected to a nelcr ry manometer ovey

the radial arteïT¡" The pelotte was pressed against the arrn until- the

pulse distal. to it was obl.iterated. OnJ'y systolie p"essu¡e could be

ineasured. ruith this insíï/t¡mãrt and it is chiefly ilqportant because it

¡¡as the direei:, forertnner of all moCeï'n instrumen¿s " In 1BB9 Potain

( Janeway 1901+) replaced the water in the earliev instr'unent 'J!:ith âir

and al-tered the press:re in the cireuit' by means of a h¡lb sonnecteC

tc the apparatus by a side tube. Ir,e also iÛodified the apþaratus by

using the cha:nbe¡ oi an anerr:id baroneter instead of a nercrrry colu"nn

for ineas'rríng pressure" In 1896 Riva-Rocci (lerqis 19L1) developed a

beti;er nethod for occl-usion of the artery. This consisted of a rubber

bag o!' tube r^ri thin an in e].as.,,i c cuff lrlrich encircled the arm and vùrich

was i¡flated by a bulb tr puap. This ittç:'o-rement surmowlted the most

serious defect in the earLier instruments Íhich was the difficulty of

accuratelyadaptingi;hesnall-rou-nCpelottetotl-¡eunderll'ingartery'

!2" The introdì¡ction o! thq ggggltatcry met'ho-4. Usíng a Riva-Rocc i

cuff to anply pressure tc the artery, Korotkoff (Lewis l-9!l) in 1905

found that a sel,ies of sounds could be heard. wittr a ste',,hescope placed

over the braehiaL artely belon the cuff as the pressure was graduall"y



a1LÕ?red to fâ11. Ë* ¡easoned thst the flrsì: scund i¡dicated that a

part of the pulse wave had passed under the cu_ffr and consid.ered the.t

the reading of the nanoneter at this time eo rresponded to the systo1ic

blood pressrre" He reasoned further thåt thê disappearance of all
sounds sh oul-d Índicate the free Í1olr of blcod, and therefore the cu'ff

presflûe at thi-$ stage shou1C correspond. to tlìe Ciastolíc preszure.

13' Ths Ko{g!!gq! sôunds. Korotkoff Cescribed thyee sauncl phases,

but Gittings (t910) a.'rd subsequent observers recogniued five, whlch

triggers (fgZ3) tras enumerated as fo1lcl,¡s:

Eirst phase:: The sud.den âÐpearance of a cl-ear sound, lasting
for a fall of approxÍrnately llr nm. cf nercury.
Second phese: The acquisition of a nur'lrnrrish charaeter,
lasting vrhÍ1e the pressule fal ls app roxiura t eþ 20 rruo. òf
merqr fy more6
Third phase: The replacement of the mu¡¡n:.r by a sound
becomj¡g progressively Lou-der and lastj.ng dl rlng the ne*r,
2! irun. of pressure falJ-"
Fourth phasei The rnrffling of sounds, Lasting ,¡i'hile the
pressure fal1s ! to ó mn. more.
Fifth phaseå The dj-sappearance of å11 sounds.

E. ]NI¡ESTIGATIOI{S PNXCED]NG T]IE ADOPÏ|ON OF THE STA\]]]ARN
AUSCU I,TATORÍ PROCE¡ï]RE

lL. Enumeralion o{ factols. It was generally considered that since

üre auscultato ry lndj-ces enpleyeC for the deteetion of systolie and

¿iast,olic pressures were dependent upon the penetration of the pulse

waves througþ the segmet t of a r*.ery eorq:ressed by the cì¡ff, se-¡eraI

factÕrs might influence the relationship between ihe intra*a!'teriåL

pressul'e eJld the pressure applied erLemally. Ssveral notey¡ortl5¡
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investi gations hâve been nade concernjng tÀe effect of the width of the

cuff, the gj-rth of the a&, and the rigidity of the arterial wa1l. ¡t

addition much atteni:ion has been paid tô the criteria to be mployed in

deternining systolic and diastol-ic pressures.

15. Wídt! of tlre qu4. Concerning the rr:idth of the cuff,

von Recklingháusen (190t) found that neasurenents of arterial pressure

nade w'ith the l+.5 centjmeter cuff of Riva-Bocci were higher th¿n those rrade

wi ttr wider e¿ffs. He postulated that thÍs was due to the fact that the

pressure applíed to a s¡¡alL area nust overcone not only ínt"a-arterial

pressure but also the resistance of the tissues to courpresslon; úhereås, íf

the same pressure per unit area was apolied over a wider space, only the

outer préssures were boncerned i-n overconíng tLssu.e resisùanee, dnile the

central- pressure was t¡ansnritted directly to the arterial walL. Using cuffs

ranging in width fron b.5 to 32 cenÙj:neters, he found a progrêsslve faIl in

measured presflire as the cuffs were increased up to 1O centirieters, but

beyond this ttrere was no fl¡rth er effect. Erlanger (1903), usÍng cuffs

ranging i fron 5 to 1? centineiers in w'idth, found ttrat the lcr¡"est measure-

rnent of arterial pressure was obtalned n:i th a cuff 1J cru. wide, b¡t tttat one

of L2 to 1l cm" yielded rneasurenents very nearLy the sa¡ne as those obtained

by the use of the wider and rnore o:nbersorne srff. These studíes forrned the

basj-s for the acceptance of the f3 centiaete¡ cuff of the present day

auscuJ-tatory procedure and they were not seriously questj- oned until the

developnent cf &oderYl metì ods of direetl¡' z'ecording the intra-arterial

pressure permitted þ Robinorv et 41. (1939), to denonstratê ihat neasure-

roents ob.r,ained usíng tl¡e 13 centi.neter, cuff, did not necessaril-y eolrespond

to intra-arterial pressrr es.
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a6. Givib oi thc 1g! " The eÍfect cÍ the gi:'th oí the a:rn cn the

neasur ement cf Êressure w:¿s fi:'ei lrÕieC by von Basch ( Iergþt 1916 a)

wiro founcì thå t bhê presrlì¡res obtained v¡itÌ:. the pelctte rethcd l'eriÐd

,,,rii h i,he thickness of the s of+, tissues separatlng the pefait'e fr',',on

ihe ¿rte:y, Vcn.Q,ecJ<linghausen (t!Ot) notsri tiet the lcwest neasure-

¡aen-r, of pressu:r e fo:' an a::n 2I¡ centiireters ín gj'r'th '¡¡as cbtaj:red us:l:g

a cuÍf 10 centuei;ers -r.'i-de whereas, if the arrn vrere of larger glrth,

a cufí 15 ceniimeters in w'idth was n{:tessary to obtain the io¡est

rûe¿su:'eüent of pressure "

.]7. Arter-ie]- r,vaÌ!. Ycn ReCe linghausen (1g01) ãgâln 1'ras the first

tû ínvestigete the inil-uenee of the ârteríal 1"'s.11. He noì;ei ti:at

occl'ùsion oí the brachial årte]1¡ ¡esulted i-n the collapse Õf arteries

riis'{,al- tó the pr:ini of oeclusion arlC conû}¡ded tlÐ+" the vessels did

nci; Ðûs.sess any siifíhess influencing p]lessìÚe measurements.

Ì.fac1Tillian anC Kesson (1913) examined the resistance to coffpressicn Óf

e,-.cised arieries r.,rhicit s'¡i-11 retaineci their côntracti-liþ', '.rnCer

pulsati.le and. non-cul-satile con.Ìiti ans of iniernal Ðl'essure.

Conpletely relaxed o:' dead arteries offered onl;" ¿ ¡*o nilllneters of

lr¡evcìrr}¡ ¡esistance to co¡r¡pression, and repetitíon of the conpression

rr-¿de no ð.ppreeiâb1€ difference. Contracted arteries or ar"ieries

shorring arterios cl erotic changes required aÌì excess cf exira ove::

in*,,r4-a:'teïia1 pressure va"i'lng frcia 5 to 50 rn:llineters of mercury

tc c¿üse colfepse. Repeâted cor¡Jvession us'¿â11]¡ reduced this to å

íew rnillineters cf nerc'rry. In bunrans, $itå a ea!Þ!'essicn cì¡ÍÍ ê"boui
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eath u.pper a?în, sinuLtaneous ìll Õod þressirre reeclings lYere rêde' Ïn

oËe arm the cuíf r'¡as releatedly coirpressed anrl deconi:ressecl ' In

ccrtain jldividuêls this produced an apÞrecieble loirerin g of press'¡re

corÂ]ared to tlìe control ã.r11l" It was concluded tte' t' no1'Íì41 az"teries

seldor¡ offeÍed an;r resistance to corepressíon and that -'qhere spasm o!'

¡rode:'ate arterioscl, erosls i'ras present, its effest could be aininized

by repeated corpressj-on of the aïrnlet c[. Inassage of the vesseL' The

conclusions of llac'.aliltj-a.n a¡d Kesson seerr to be based on sound eLperi-

Ððtã1 da i;å b:t they requi-re con firmati on þr nodern ¡ethcCs"

Nevertheless, it, is reasonable to as sur're that the error due t,o the.

influence of the vesse] ïJal1 ean ï¡ith proper procedtre be :'eCuced tc

insj-gnificance "

1Ba. fndices eryloyeq &f systoëc ånd diåstóIic p"essqreo Ausc"¡lba-

tcry criteria are based on three sound changes vf'rieh occur as the

Fressure in the cu.rf is al1or¡.ed to fai1, t}.e fir'st appearance of sounds,

the nuffling of sounds, end the dlsappearance of so'¿nds ' The pein'r' at

whieh sounds first arpear is readi 1;r ascertained, t'læ rnuffling of sounds

is nore dj.fflci¡lt, to d.elrect, anC the point at Yrh ich all sounds disaopear

is of+,sr very difficult to detemine.

18b. Korotkoff (Ler'¡i's 19L1) as sumed that the first scunds heard

b€lorv the c'.iff inCicatect sysbolic preasure, and the disappearance of

ei1 soLnds indicated diastolir 'trreõsure. lhe "¡alidlty of thjs assuJtrF'å

t,iûn wes difficult to evåluåte a'r, that tine because deïicos cetable of

measuring actual arterial pressure in humans had not been de-u-eloped'
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LSc, 1'he l-"¿lEa+,r¡)'ret!:crÌ, ïàich 1';es i-ì¿ o¡rj-ginaf indlrec+" tet'Ì: *d,

ga-r€ ve¡tåingË 1,*r i¿L ã.¡ereÊ3C i tú 1C ni]l-ineters ri r'e rciri" L:l c':¡ +'Lls¿

obtained b}. a'riÉi eultat-i- cn (Feiì;ght :'9\6 bt Giit:::gs 191C) " Therefor'e j't

:.¡ag co¡sidered thã.t aiìstultai:iûn -¡¡âs a:r.ore sensitive index of s;rstolic

Ëressur€ t lran r¡as .pelÌlåtiû1]. The r.æ e cl other i,nc:reÉ¿ neihods to cl:eck

the acÕuïacy or inaccuracy of the auscui+,atori' i¡a1i*"sr sutÌI es ti-1e

oscil-lonet¡i-c aellhcd vie¡e ünsati$íacto¡y because tlre re l"'as no unanind-ty

of opinion concerning the aceuracy of *"hese netlioCs. The inajority of

obser:"¡ers consiciered +,ÌË+. the f ir:t an¡earanc e of soundo ':,:3s an åûci;îats

index oí s;,'stolic pîessurô, irut opi''rÍ.- ts dj"Ífered as io tlie a.r$cuftatÕ4/

j.ndev to bJ erîploled icr Ciaritljc tresììlÍe.

lBC. Yåvicus approaches ha.¡e been nade to the sh,t cy oÍ correct

rìiasf,c Lic index. lrracll'ilLi:n ancl ¡lelvi¡r (l-91L) on ¿he besis bf -r,heír

e:çerfurenis perfcn:':ed lrith schenåta rf the cir"culå.tion using e:rcisoti

sheeptr arteries in a conpression chanber, considercd 'uhat the sôuncs

al+ed their origin +"o vibra+,icn cf the arterial-:,¡a11 rshen the nolnal

circular fo rr cf the veôsel in the conpression ch¿rler ?ras no:'ê

or ltss di-sto:ted by ex'r,errìal pressure. Sudd.en dirqinution of' sound.,

rùich nighb o:: rnight not be fôlfolred bl¡ its extinction, '¡.as found tc

cccur in these experinenils at a levei of exbel.llal presslr] e ïrlti-ch

exceeCed the internai d.iasf¡l-ic b). a ãmåLl" a¡ror:¡t. This dininutl on

oÍ sûund '¡¡as ',aken as ihe index of diastolic pressure.

-1,8e. Brlanger (191ó, 1921) in e:.p exir€nt s on the eryosed ilic-.feqcral

arteries of dcgs fcund that the fi¡'st sound was hesrd at the ínstant
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'Lbe blcod in the artery belcir a conpressiôn ehambe¡ shsrecl brusqr:e

accelerabion ï¡j,tÌ-ì eâcli pulse, ancl irm:'flilg cf so,.rnd oscDiei at ule

ins tant Ì,he cornpression cllaraber no longer ol-¡structed the biood flow.

lle attd. buted +"he origin of the Kcrotkoff sounds to v¡Ì-rat he tenned

ttre preanacrotic pharomenon. Th-is pl:enomenon ¡ras considered to be due

?: changes in the coniour of the puLse .tave as it passed thrau& the

côrqlression clgmber. These chaJtges consisted of s¡rall ne gatirre and

posj-tive waves precedirg the upstrcke or the anacro,,,ic l-j¡rb cf tire

pulse ','rave, and the¡r develoned onl-;r ','dren the eïte¡y ,¡¡a.s in th e partl)'

flattened ståte, 'r,hå.t is betrreen systo lic arrd d.iastolic pressures.

1Bf. Branv¡e11 aêd Hickson (7926) 
" on lhe basis of R.ork on the velocity

of the pulse wave j¡ the arterial system ald experinnnts with elastic

tuhes, considerecÌ thåt the preanacrotic phenonenon could be e4?l aired

b;. the h¡eothesis lrÌat the pressure applied þ the pneu.:nati c r:cff

brcught aLout a deelease in the vo lume elåsticity coel-ficj-eni ûf the

systen wíth consequent changes in the veloclty of the foot and tfle

crest oÍ the pu-1se lqave" ltre resulting instability of the vrave gaïe

rise ta e redistributian of eners¡ with the prcduction of tùre preanacrotic

phenonenon. Howeve:", Brewer et al. (lg3l) cast doubt on this elcplana-

ticn of the ori gin of the sounCs. Usj_ng a high frequency re¿olrding åppa-

r¿b¡s they shcv¡ed that t"he r¡aves desc¡ibed as üle pi'eaEâcra.r,ic Cid not

appear, i'¡hereâ.s they appeared if reeording êpparatus cf a lolrer= frequenc;.

'¡¡ss used under 'r,he sane conditicns " The authors atty:ibúted the ccculence

ol t¡e preanêc¡oiic l,,raves to artifects pïoCuced by the reco:.di-ng a.¡leratus

anC they believed that the Korctkoff seunds r'¡ere produced by the sudden

Irlovemen¿s of the art"r'y.
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l-BS. the res¡¡l1,s cf elperiæÉt s oa a:rinaIs, al .1,hougþ lhey probabl;,r '

had ¿ä ilroo:.lant effect i¡pÕn thè c:'ite:"ia adÕrrted for tl:e stendaïd

p:"ocedure, a:re difliçlt to inter-p:.si because sounds åre nresen+- even

ovef the uncbstr¿cted arte.s:y of tìre Cog, v,,å ic!¡ r¡as the eçerirænta_1

aninal usuall;. etïployed, and because the size anC the shape of .r,.}ìe Limbs

of the clo¿ and rlaq are irr no rva;r corcnarable.

F. THE S TAII¡AF¡ PROCEÐURE ¡OR AUSCUI,TATOF,T I,ßÁS]RE,1,A\]T

L9" Need foj st?+dardiL¿tí on. t¡Irigþt et a]" (1g38), j.n a survey oí
the roethode of teachíng and interpretatioe of meas'lr e.oerìli s cf arter:al
pi'es6u:'esJ founC that there v¡as a serious lack ôf agreeiner:t amoi:gst

inCi r¡idual observers as to the indices to be us ed in the measu"er]lent

cí both systol-ic and dj.asto lic pressurc. A part, of d:ese differences

could be accounted fo¡ on ill. e basis of the wlde .t,ariation in the

teaching of the auscultatory ne.LùÌ od in the medic¿.l schooLs. Comnittees

fû:: the standardization of ï8e th ods of bLood pressu:e measìlrement appôfurted.

by ihe Arnericsn lleart Assoeiatiôn and the Cardiac Society of Great

Britain and Iyel¿n¡i ati,empt,sd to secure a crystalÌization of the best

avâilable thought on the s'rbject anc. ín( 1939) r.ade the follorving recomen*

dations:

20. STA\DAR} ¡,ftrT}I C¡ TÐB- TAKii{G A,ND F.ECOR¡ING HLOOD TRESSURE HIADI}IGSBy: Tbe ûonüditee fcr the S¿a-nCardizai;i on of Blood presflire
Readings of the A.nerican Heart Associati-on, and ihe
Com4íttee for the StanCårdj za.r,ion of Blood prêssure
Readings of the Cerdíac Society of Great Britain and
ïre1anC.

1. Elood Pressure Equipnent.-The blood pì-essure equipraeltto be usrd, lrheLh er rnere¿rial or aneroid, "shóul-d be in 
-good 

conCi_tion and cal,ibrateC at yeãrl)¡ interval-s ior accvracy, añd *c:,e
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êften if defects a?:e susír€ct€cì {nrsrclr.ial preíer:reC lT¡ kit,ish
cc;rudttee).

?" Thc ?a+jent,-The patient, should ìre ccrlÍcrtabi¡r seaf,ed(or 5'1¡g-¡"itish c¿n:rittee) with +åe årl.s siigf '-:ly fier,ed and
the '¡ào1e Ícrean¡r supp crLed. a.r, the h?E ï,!, level or, à snroo l,i_.ðìl.rÍace" IÍ rseürgs ¿r¿ taken in årì)r o¿he r. rosi+,i c:r, a nctailc:r1
shcuLd be naCe" Tne ¡;atien-t shoul-d be ¿11c.r.rie_C iinre ti ¡ecove¡"
f:'c;l ar-r;' r'ecer¡ exe::cisÊ cr eÌci+-er¡ent. There should be l:ccc¡,stricti crr cf tlie ar;l due tc clcthes or ofl:er objects"

3" Posl'r,ion anC i{eth od of .{ppLication cf r.he Òujf" -A _q.uarìdârci
sizeå cuff contailirg a aubbell ¡,ag fl.on 12 +_a L3 cn. in 1trÍclth
shculC -¡e 

-used. A comple.Lely deflatec cuíf sh oulC. be applic.d
snugJ-¡r and eÏe¡1y a¡eunri tÌ:e arm with the lorrer ecige ebû;¿ 1 jnih
allÐve'r,he antecubi¿al space aird r¡,¡i ti: the rubber bag applied over
the inner aspect of the am" The cuff should be cf sutn a t5.¡ce
and applied in such e r:å.nner thât inflåtion cåuses neither
bulgin¿ r,cr di$p1êceftent 

"Ì+. Significance Õf Pal-pa.,,orl' and Aus t'lri.ra.(o ry Levels.-In
åil cases palFåti orr sh ould be used as a eheck cn auscr:.1ta+.ory
reêdíngs. The pressure in the cuff should. be quiekly inc¡eased
i-n steps of 10 iut ¡ of Ã!e rcurl¡ unt il_ üie radial pulse ceases
and then al]-cr¡ed t,ô f¿ll rapicily. If the raCial" p.\j.fse is felt
êlr a hígher' leveL then thât a.t !¡rhi ch tbe auscul',,atory s o,¿nd is
heâ.rd, +l:le pak'etcr.;.- readjxg siroul-d be accepteci as the s)rstolic
prûss¿re; olhe r:-,rise the auscrrltatcry reaCing shculd be accept,ed.*

,. Posi{ion anC }lethorl of ApplÍ.cation ãf St,eth o""ope . -Thesiethoscope shclld be ¡1aced over ,uhe prcviousl;' palpatèd brachial
artery in the antecubiial spåce, nct in contac*, Bith ¿he cuff.
Nc operring sho'ùl.d eyjst betv¡een the 1ip of the stethoscûÐe and.
tl¡e skin; this chould 'De acc1r.lr,lished:riih the rjniïrurc ¡""r"rr."prssiLle" The hand n¡i;' þs jrs¡alrC or supína.bed accczd!-r:g to
the positicn yield,irg the clearest brachiat puLse souncl.s.

6. Ðeterrnine bi an of the Systolic pressuie.*The cuff should
be rapidly inflated tc a pressure aboirt j0 nn. above the 1evel
¿t qrhich the recLiel- pulse can ba palpated. The cuff sìroukl
th eri be Cefþted at a rate of Íl.o:ir 2 to j nn. of mercu_y pêr second.
The 1evel at -!',hich tåe fi¡st sound regular'þ appeârs shorl.1d l:e
Censidsred the qrs+"cLic pressut'e un-l*ess, as already describerl"
ihe palpatcry ier¡el is hlghet., in rrhich event, ihe ¡alFator]' lével
shûufC be accep',, ei " Thio sÌ:ou_t-d be noted.

7. Ðete$nínaf,i cn oí the DiastÕ]i-c Pressure ånd the pulse
Pres sure. -l.ll'ith c.ntinued defiê+ion cf the cuff, the poi-nt ali trhicÌì
tlie sor.¡nds sudCenlJ¡' becone dull and nuffled shóuh bè lsor¡n as
tiç dj¿siclic pressiire á If the¡e is a difference betr¡¡een .*rat
point ând the level at iïhich tle sru.n.ì-q cctpletely disappear, the
Anericen corynittee recÕnmends that the Iat,uãr :eaä_ing sitåuJ-C'te
regarded also es the ¡jastclic pïessu¡eé This shcì:1C then b€
reccrded in ihë fôllcwing fona: RT (or LT) il]O/BC-7C o¡ 1ì*Orl7C-0.
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1-1 these tw* ìeve1s a:e. id.entic¿J, ü.r e blood pres_qure shûutri be¡ecorcìed as foflcv¡s: - 
j,{/lCq}. The cuff shãr:ld be conpletel¡Cefiated before any íì¡rthe¡, deteñnLnations a¡,e ¡iaCe.

The Er"itish ccn¡nittee believee tha t except in aortic regr-rr_gitati'cn it Ís nea:'ly ar..rays ÞossÍbLe to deeitie the point "i,1,i"¡the change co¡res end this is the onJ-y reading that sloulC be
?ê.^î^ôâ

2r. Discussi.on' r'ù is trô r--e not ed that, the recc¡ornendati ons cf tlpse
eo¡nnittees allc¡¡ the aeceptåoce of eittel of two criteria fcr ,¡oth

systolic and drastctic indices. tha c¡iteria rnos t con¡nonfy used are

the first appearance of sound.s as irhe indeï of aus¿u.l-ta¿oïy

s¡rstolic pressu¡e ånc the nmffl-ing of sounds âs the iÌ.ìd ex of diâstól_ie

pressure. The fect tha+. e.¡er¡ after forty ;æars of use tlere ar"e still
differences of cpiniôn snggests ihat there is sonethi.ng Lasical_1y

unsound in the å,us,:altatory :rnethod. Tlre nod.ern investigaticns to be

re'¿íewed i¡rdicate scme of the r€a$öns fÕr flris Ì:nsati ðfac¿oiy sitilation"

û. I{ODEF}I XiIETT]CÐS OF R,ECCR']JVG NTTJ¿A*ARTERI!.I PR,ESSURE

22" ceqe-]:e] reoJ¡i_rernsrt! " $. recording apparatus which is to fc11ow

the pulsatile cha-nges in pressure talcing place in the arterial systen

r:ust be sensitive and capabLe af responding rapidly. These tiro requíre_

nents, as Creea (19i1\) has shc:,m, lend tc l_.e nutually exclusive ancl. the

type of n¿nonete¡ used represents a cornpronS-se beth"een irhe ûaLinua

sensj.t,lviq¡ a:d tir e mini:nur dist,crticn,

23. Theoreticai póstxletes of Ìíjggels ancl fÞank. 1,¡iggers (1g17)

postu-ìeted Urat in crde:" to obtain adequate d.ete,ils of the Ft essure
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cherges i-n the at-¿eriel sJ'steffi the ¡ratural freqrency of thre recorrlirrg
s;'sten s!:culd be abÕrit íi.¡s tiuee the r,enth hêr.úcnic cf the fund.amental

frÊ'qÉ en qr +"o be reccrdecl " Fc:'exarn:le, tc 
"ecord 

aïterial r: r,êssure at
a heart ¡ate of twc per sccûnd, the natirre-l_ frequenc¡i of ,r,he roano¡netey

sh ould be 2 r 11 x ! o:' 110 eycles per second" The nat¿¡ ral frequency

cÐ: be celcuLated fîon !?ankrs fo rnrul_a (Green 191+ll):

$ ( -.tequency) =

r¡¡here s ecÌuals the deneity of the solution wiiÈ y¡hicli the rnâ.r¡or¡ei,e:,is fi1led in grar.:s per crn.3, where I eque:i_s fl:lr 1e_ng& r:Í th; --
rûanoneter iube in en., and Q equai s the cross section of theliquid cûIuün in .,:he neno-øieter j*n iÌtr"

It is seen thålr the highest freq,.rency r,¡i 11 be obirajned. in a nanomet,er

'¡rtlich ha6 s diaphrå.g as rigid ås Þcssillle, and i4 Ì,r}Li ch the shcrtest

and. broadest li,quid col'arur is used.

2\" Opt,i"gl líancnelers. The fi:"st improvement, over the Hurih 1ê

t;pe oí na¡oneter ',"¡as tlìe developir,ent of re opti cal rnancr¿ete¡s of
F¡ank and l{iggers (Green l9l+li) " ?hese were pei,fec.r,ed abcr¡t l92l and

util-ised a segnent capsule, that is, u¡he¡e a s€gnalt, of t¡ie díaphregü

c:'merbt'ane is flzed .rc a 1ighi rtgid plate upon ,rhich a r¡rir,::c¡ ís
¡J'unted " rne.eased. rnagnification lvas obtained by ihe use of a bearn

ij.ght, ås a reccrrling 1,ever, and this enabl-eC the di,a.phragm to be in_

crea6ed. irr ¡ågidity and sc r:ised .uhe natural. fr.equency ûf .L.he I,ecordíng

s¡¡ste¡:" The frequency cf such n¿nonete¡s J,ay between 50 ând 15b cycles

per second-, depending upon the cba¡a¿terisi.ics of ihe j¡di-u:due1 insirÎ¡ient,.
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?he;' sti-I] reqr:i::ed- ',,h¿ t a re Let, i',¡el+¡ iårge bore ca¡_nu1e be fast€ited

into 'uhe arte:.;r ard hence their use in h,.¡-¡rans {ros iechnicalbr diifÍcult,

2t. -Late! modificatione. Brô¡nser (vcn Bcnsdorf f :rg31) irt tg27

deveLop ed an çtical renÕneter utilizing a gless caDsule ¡¡hi ch l{fol_f and

von Bonsdorff (von Bonsdorff \%2j used j_n l!11- for the first auccessfu.l

cc-.nparison of d.írect ånd indjrer.r, reaswane:t of arterial p¡essure ín

hurans, Hamllton et a1. (193l+) constr¡cted m¿nometers whiclì had a rigid
netallic diaphi-agn ¿nd utilized an irop r"oveC lighting system to Õbtain

greåter rÏÊgnificâtion. Longer tubing fn: rn the natierrt to the rìianôr-,'reter

and snaLlleï' cannul-ae or needles could be ,¿seC in ihis systen. The

frequency of the naûoi,"¡etric systern ffå.s calcuia¿eC 'uo be betv¡een lJC anC

250 eyctes rer second for the various nanometers ccnstrireted" ûr'egg

(1937) nadif:ed Haüril-tonls nanûmeleî and used a rubber cliaph!'aga j-n place

of the netal one and found tl:.e ÍYequenc;. of the ins trume nt tc Lie

beiyreen 13C and J00 cycles per seeond, depend!_ng upon re tension of the

diaphrâgn " A ccmbineC opiical ånd elec¿rical manorneter vras developeC b,y

filfy (191i2). Such an instr¿ment has a Ì.igid roetal .líaphragn, utllizes
a¡ electrical sl¡sten for anrplification, and. requires an exc eed ir-g ly

sna1l displâceaent tû produce roeasurabl"e deílections on lhe ¡'ecord." The

nan oneters develep e<i by HeûiLtcn, Oregg a:rd l,ilJ_y have a high fï'equency

and are resj-"onsive to snell- cle.rrges in fluid displaceúãtt, hence a fine

bore needle can be utilized for a:'teríal punciure. S'¿cii a needle causes

a negligible i-nterference ro::it,h blocd flov¡ a:rd can be considered to

neasure ls,tefê.l" presÊ1iÌ'e in the vessel- into ìyhích it is int:r¡duced.
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24e" lq;catgnce. o! lhe s brièi.çs. A surmary oí the Íind:ings oÍ in,rest,i-

tations in the pasi fifteen years trlth n¡de:.n reec::ding Cerices, gives

sc¡re esttmate of +.he nagnitude of ihe er:ro¡s in.¡olved in ihe ausculiatct¡r

neth oci ard :evegls the fact¡:.'s ,rò icl,' are operati,re in pmducing these

26b. i¡'rolf a¡d vrn Bonsdcrff (von Bcnsdorff J'g].?) in lpfi_ perforned.

fo::iy-fcrir fcapâ1"åscns cf direct ¿nd aus cr.:.l.rjat oq¡ nearirireliên¿s rf
ar'tarial- pressi¡re, using tiie Drijnrser' rr¿nonâi€r. Th€ first e,ppe.årånc e

oÍ sÕund xas tak-er. es ti-:e index o; EJrsiûl.ir Ë!:€jesure anc,i +,he g1td. cf +.he

f,i:írd scund Fhase ¿s the index cf ciasiolic ¡r€ssri.re . lircct anc i-ncli¡e.rt

1ì:.€ã,srj.?enÊnts were .fcr¡nd to devíaie unpredictai:ly fro!ì ûne another, Ii
is tc be noted- tliai, tl:e meazurener;ts were aften not take!] si¡¡¡¿I+,aneous1]¡

anC ti:ai -r,11ê pcsj-tåcn of t}:e patieri le.::ied f¡o¡r¡ one d.et errni¡rati cn to

the cther" äûwevçr c lh er. investjgators foûnd. sirìilar deviations as is
sho'¡m i¡: ?abl-e I" Theçe ancl other i-ryesti¡jå,lcz's håve attrihitea sone

of the deviatior$ to the eff€ct of errn girth and pulse corf,:ur.

27 . Gi:"t-h of arm. Robjroçr e+" ?).. {Ir3g) , vro rklng r,,'iili cirild:.en,

f.u:rá thå.+, +.he st¿nd_ar.d -l_3 ce¡r.,,i¡ie.ler euÍf niglit, give r:eadings b Ìrat

:tare too lcw i-n eor,çrarieon lri'cll cìirect ¡ressures. Thi¡. l;¿s ten f.ativcl¡-

attri.buåed ic L?:e ease -nitir r¡l:ich tiie .":onç:'esslble scf'r, tisËuê of jihË

c}.i11d I s ell1l :r:¡ås displaced lateraì.1;r bJ. the ccrr,c¡essing eují and. +,he

€lfçctiye dianeier ûí the erjn ihus red_uced" in 6eneral f}l e;,- lounC the
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sliìal1er ihe diånietcr Õf the cÒ-r¡il l'es s ed ar-rt, 'rl¡e na¡rcv¡çrtÀe i';idi,h bf
ti¡e cuff necessary .bo give agreerlen-,, bet,r.een d.it.ect er¡i 3;scultetcry
s;.'sic.Lie readlngs. Ragå":i alid Bcrdley (1g);L) fouc¿ t,hat the:,e åFp eared

ìro be a deÍi¡ri'ue trend in usirrg the sta¡dard. }J centiiaeter crrff in adurts;
r,.ith ar':r¿s of snall- c it'cu:rfe:"en c e, auscuitatcry rneasu-r ercent s, bnth s¡,s-r,oli c

end diastc,lic t,end.eC to be too lcvi, while wi th la¡ge å.rnìs they a end.ed to

be t,oo higþ in ronparison ïr i+-h s i'n¡l,taneou s J-y obtained direct êstiÍìatícns.
Thile this general tre¡d wes noted, the.e weïe nuÌnerous exceplioïrs irhich

coul-d not be eq:lained on ttie basÍs of +.he efÍeets prod.ueed by corpression

oÍ the soft tissues, nor on the wicit?r of the cuff erncl,cyed.

28. Contoi"r¡ of the pirlse. AnÕ¿her fêctÕrllüieh w¿s aonsidered. to
influence auscul"tatory méasurements was the conto*r of the purse wave.

Ragan and Bordley (1,9þ) noted Uret in err¡s oÍ averåge síze, rhen ihere

',r¡as a rel.atir"el-;' ¡r".U puì-se, tåe s.itsrultåt,cr]¡ readings agreed verSr

clcselr wit&. åntra-art e:.i_aI r:eadings. IJoyreye!,, -rhen the puise ,ras p eaked,

tl¡e auscultai,o:y readings tend.ed to be too low. Thís effect had al-so

been observed by Eazett and le ?1ace (1911) a3id l{arrilt,cn, r.ûocd b,urJ¡ and

Heaûer (1t36). Ragan and Bordley consid.ered that the peaked type of
pulse we.s not sulliciently we1l susiained. t,c force its 1îay tì._rough the

coa'ç: r'es s ed arter;r until the rorÍFlressing pressure v¡as reduced cansiderabiy

beLc¡s the rttrue'r systolic level-. L fut ther cornplicairing Ëffect of pu1se

contour on auscultatorlr rieasìireurents is jJ:dícated b¡r ¿¡s observations of
Rcbinos et at, (1"939). They feund ibai ûcclrsiÕn cf an arter]¡ such as

is prociuced v;hen taking an auscultetor]' aeas¡¡râ:llent, caused e ¡e¡íabie
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distorlrion ôf the côì:iÕliy of the p.úl_ce Fâveè kl ihâi_¡ series, intre*
ai:terial s]'stolic rrressÌlres $rere inc:"easeC þ ccclusioa of the artery
belcw l,he røronete!' nee''ì-r.e aad the 6reatest increase oca;r¡gd. î¡here th€

conåeur" of 'the pulse haC been ÞeãkeC6

L SA!î¡,{APJ

île åu.s cu:ia tcry ne thcd. tlescribd þ Korctkoíf in 19C5 Ìr,es üìe

ÕütgrowLh of the irany indi rect, ¡oethod.s prcposed ¿t tbe .burn of .i;h e

ceniury. Bl' rrir+,ue of the fact, thêt it was o¡e ôf the f ety pt,ocedur es

a'ailable to the c1ÍnicÍan of the tine'ril-rereby objeetive reas*r enent, s

toìrLd- be niå.de, ånd. becaï.se it appeared. to gi,,,e fairb, reliåbie resulls
as ,{udged by t,he criteria il.ien avaif,åb1e, it beca¡ie alnoet universaLly

accepted ¿s a routine cl-jnj.cel procedure. It is noted, hrow ever, that
¡aethocls by which ¡¡easurerne.ni s obtained by lhe a us cult¿t crJ¡. r.!e üì cd sould

be corpared to ¡ressi.i:'es esisii¡g in the al.te¡ial- systen di<i not be_

cûnë av-ailable for Jû years alth.ough thei:. trheofetieal basis had been

eslrabJ-lshec' by ütl,o ¡Yank in 190j. Ir. is, therefore, not sufl3rlsing

that, 'lIrigþt et al. :.n l-!JB found å. serious rask of agreenrent arnong obser-

ve?s ås tc r¡rhat i:rC-i ces shoulcl be anployed in measuring s;rstoli.c arxi

diastolis p!'essure by the ausql}ta'uory meihod" The eor¡nittees fo¡
siarrdar:d-izati on of bl"aod rrressure *easuïements ornposed clifferent indices

fcr diastôlic p"essi're, tl:e British corrnittee beLieved i:ha i the point
at h¡hich 'uhe sounds becane dul1 a::cl ¡lu ffLed ¡:as the diastolir index
.drråle the A¡ne:'ican cû¡tÌìii-têe z.ecor:mencled that ihe ,roint at i;bidr the

souncs cornpletely disalpear shour-d alsc be regarded as diastor-ic Ðrçssü.r€ð
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¡b.n thâ stuCies irhich Ì:ârre been ccndr:cNed åt aplear:s ihat the

scnf,ou:. of tire ¿rte:rial pulse, the gjrth Õí:h3 a:1[, end thÕ wiCth cf
the coi:çresslng cult are inportant a-,-rd, inter"lelated fectors influencing
tlrs meas:::. ement s o-5tã.ined by tÌ:e auscu 1ta t,ûIi/ nethc.l" The e:qrerinents

¿¡Ét heve been ¡eporteC in this etu$r were des|gned to pr.ovide additicnal
i¡i orr¡ati on ¿bcut ü:.ese parti e;le: fâcto¡s"
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CHÄPTER, II

ÊXPERIMü'I TA i IIETHODS

1. Introdqc'!!!,n. Begldes the stendard ausculÈatory prrocedure

thrêe elperimental rnethods were employed i¡ this study. The first was

used to Íìeasure intre-arterial pressure, the second to detetmine the

effect of cuff síze and arm gÍrth on aìlscult¿tory neasure'mènts end the

tlrird to ascertain the distributíon of pressure ín tl¡e tissues under

the cuff- These tlìree metttods a¡e described belcßr.

THE lrm$loD oF ìIEASURING INTRA-ARTERIAL PRESSIIRE

A. APPARATUS

2. Choice of aplqetuE. the choice of apparatus N¡as deternined by

the necessi$ of recording sustained pressures as rvell as superÍ.ryosed

fluctuations. For this purÞose thê apparatus described by tifLy (19L7)

seened ßost suited. Thi6 consisted of tt¡ree uníts, a varíab1e capacitor

for the cor¡verslon of arteriel pressure lnto an electri cål- signal, an

electrical c ircuit for êmplffication a¡ìd rectificat'ion of the electrLcal

signaL, and a recordjr¡g system.

3" Capeg-1!91. the capacitor ftrst ønployed is shown in Elgure hÂ,

and t hat used in the e4peri¡ents reported he¡e in l'igure lrB. Both

nodels conslsted of a deflectable diaphragn end a fixed electrode.

The diaphraga. ras a circle of phosphor-bronze, O.l fnches in dianeter,

O.008 inches l-n thiclmess, clanped at thê edges and êt ground potential.
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The electrode, rhicl¡ was at a higþ alternating current potentialr had a

plane surface paralleJ. to the undeflected diaphrago, ht separated fmm

it by an air gap of about 5 x fO-L c€rìtlneters. The chanber and the

shafb of the capacitor were filled with citrate solution which eel'\¡ed

to transmit p¡essure flon the artery to the diaphragn

L. Ch".a"t"riq!Íc" of thq cgpacÍto{. Several difficrllties elose

i¡ the use of the first ¡oodel of capacitor shown in Figure !¡A:

L. The long plastic insulator whictr had to be plaeed under tension

to prevent leakage of fluld flon the ctranber s.1øIy danged

Íts position ûith the rèsult that the alr gap was dfuni¡lshed,

causing cha¡r ges ín the strength of the electr{cal signal.

This made the instrument unstable.

2. thermal effeets on the dfu¡ensions of the instn¡¡¡ent due to

alteratlons in roorn tenperátur€ and the effects of handling

caused uncont¡'ollable changes in the air gep.

3. For easy manoeuvrabilit'y the capacitor ïras separated frcn the

aelification system by a length of coaxiaL cable. In order

to accorylish this a transfo!:Ìûer was Íncorporated in the ca-

pacitor. In the originaL nodeL rhere it, ras nounted on the

. brass housÍng it was found to be irproperþ shielded and its

operation was affected by chånges 1n the electrical fleLd

about it.
These difficulties were largely ove¡come in the later nodel sho¡rn in

Elgure lrB. The insulator was greatlJr reduced in lengih and the tension
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on ít nore evenLy distributed. qy decreasing the length of the brass

housing terqÞerature effects we¡e ni¡¡inízed. The trans former rras nounted

Lnside tl¡e housing which was at grou¡d potentiaL so ttB. t changes ln tÌìe

externâl eLectrical field no longer affected its function.

tJ. ElectriJal systen for 3gplificatLon. The el-ectrical systen for

arpli ficati ør consÍsted of a rectifier to provide a constant source of

direct current, and a series of electr:ical cLrcuits which cperated on

the principle of a Wheatstone bridge whose sensitinity was controlled

by traring condensers. A point of Dårinum sensitivity was found by

trÍa1 and error. In use these c ond.ensers lrere t,uned- to one or other

side of this point, in which rangê it was folmd t?øt a nearþ l-inear

anpli.eleatl. on was obteined for ehanges in applied pres$rre. For a

change ín applied pressure of 150 nill-ineters of mercury an increase

in oìrtput of ap'proxfuately 20 nillianperes ¡¡as o btaineri. The circuit

diagrarn is shornn i¡ Figure 5.

6'. Reqordtn_g sJ¡sten. The rccordi¡g systan ccnsísted of a Hèl1arìd

type C oscillograph galvanoneter, a light source, ard a Kipp and Zonen

camere wi tlì a horizontal slit. Ttre osciJ-lograph gal.vanoneter was oil.

¿a'nped ard would respond to at least 2@ cycles per second without e

decrease in sensitivíty. trlcm the mero.¡ ry vapor 14ry, us ed as a source

of light, e narlþw vertical bean of light ras focused on the nir¡olõf

the galvanoneter and reflected to tt¡e ca¡lera. A current of 2O m1111-

an¡)eres caused the bea.ro of ltght to be deflected lO cer¡tineters when

tlþ camera nas at a díôta,oce of 60 centineters fnorn the galvanoneter:.
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T'¡yo Thorens constant, çeed moùors ¡rere c or,¡neeted to tl¡ e caraera so that

the paper speed couì.d be changeci almos t instantaneousLy. The two speeds

rshich were found nost suited to tÌ¡is rork were 10 and 180 centi¡eters

per minute.

7- Deflectien tine. ?he deflection time of the rvhoLe manonetric

systen ryas deterÍú¡ ed by sudden decøpression of the .fluid fill-ed ctenbæ

and shaft. This ¡ras accørp).ished by lnserting the needle at+,ach ed to

the shaft, into a glass capsuLe through a sna11 rubber stopper. Air was

caretrLþ exdluded from the cha ber, shafb and capsule, and a pressure

of about 20O uiIli¡neteÌs nelcury applied to the liquid systen through

tho tap. .A,ftÐ cl-osing the tap and starting the camera at a speed of

ó00 centineters of paper per ninute, the gì.ass capeule wês broken by

strikíng ít sharply. The measured deflection tåne at an applied prêssÌrre

of 200 milli¡neters of mercur¡¡ üras 20 nillisecmds, which conpares

fsvorabLy with the values obtained by Lll1y (f9L7 ) r¡stro coneídered that

it indícated a natu¡al frequency well above tÌ¡at der¡anded by"lrTlggers.

q. Calibrati on of the epparqtgs. The apparatus foû' cal-lbrati qr

consisted of four pres$¡re bottles rhích could be connected to a

reservoir of 6 percenb citrate solution. Ttris reservoir in turn c ouJ-d

be connected to the fluid fi Il-ed chanber, shaft and needle of the

capacitor. A stopcock, jJ¡serbed betneen the shaft of the capacitor and

tle needle used for puncture, enabled ealibratÍ on to be perforued vrhile

the needle was j¡ the artery. Calibrati on was perforrned approxirnately

every tdlfee rninutes duxing the course of an eÐerlment. By neans of



31

stcpcocks the pressure bottles were serially cormected to tÀe fluid

systan of the capacitor and this resulted in t}re step-l"ike tracíng

sirtriIa! to that slÌoyvfr in Figure 6. trbon the distance in millimeters

of these steps f¡cm the signal 1ine, and frorn the known applLed presSure

corresponding to each step, caÌibrabÍ on curves Trer€ constructed rù idl

rere sißilar i¡ foln to that shown in Figure 7" As a ruLe all caLibra-

tio¡s nåde during the cou¡se of an e:qperjrent eheeked cl-osêly with

one anotåe. Signal and td"ne llnes rere produced by tro nirrors placed

in the bean of light fro¡n the mercury vapor latp and focused on the

sanêra slit so that the li-nes would appear close together at the botton

of the fÍnlshed. record. fhe first uir¡o¡ could be caused ào defl-ect

by closlng an electrical circuit. The line of ligþt f¡urn the second

mlrror was internrpted every second by a tiníng disc to produce second

intefl¡als on the flnished record.

B. PNOCEDUNE

9,,,. P¡el14¡tnary procedures. The procedure was eæfalned to the

zubJect and Lis coap eration obtal¡ed. The c ircunferenoe of t]ìe arm

ças neasured at a polnt half'lray betûeen the ecronion and the olecranon,

and the pati ent was placed in tl¡ e reeunbent positioh, arrts relaxed at the

sides and at approximately heart level. lltith ùhe center of a standard

13 centfuneter cuff overlying the point at whlclt the circrimferer¡ce of

tþ a¡n ras rneasured, prelieinary r¡easurements of ausq)ltatory pressure

vrere nade on both a¡ins. On tlìe basis of these readings the recordÍng

systen Ìyas adþsted so that the tracing of tJ:e preszurre pulses rould fa1]
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Just above tlì e tine and signal l1nes " If the preli:uinary neasurements

obtained in the two arrns did not differ by rnore than 5 niuineters of

¡nercury, it was thought justi.fiable to conpare tl¡e auscultatorï¡ neasure-

ments ôn one arnr ui th the i-ntra-arterial pressures of the other. ïf

the diffêrence ìÌras nore than 5 mil1i¡neters of merc1rlTr, an other subject

was selected.

-1)" Dutj.gq of inv_estj,gators. The actual procedure requir ed three

investigators. one took auscultatory measu¡e&ents on one arm and

sígna1led their exact tlnre. The second lnvestigator perforned the

arlerial puncture and controlled the tap and the stopcock of the capacitor.

Tire tå írd operated the ca¡nera ând the a¡pIíflcetion systen, perfæned the

callbrations and kqt a w?itten record of the progress of the erperi:rtent.

L1", ArleliÊl punctìre. the chanber ar¡d the shafb of tåe capacitor,

the stopcock erd the need.le rere flil-Ied {.ith citra',,e. The tap to the

regervoir was closed, and the stopcock betlyeerì the shaft ¿nd the needle

opened. The brachtal artery in tÌæ antecubitêL fossa waa punctured

without the use of locaI anêsthetfc. Successf'trl puncture was i¡dicated

by regular oscill-ations of the beam of 1Íght. The canera was started,

the systen calíbrated as prev-iously detaiLed, and the tracing taken.

Records could be taken fo¡ L0 to L5 minutes before cl-otting interfered

mi th the proceô:re.

C. STIBIECTS

7?. Seþct'i pI gl subieets. Ten patienls on the nedical and surgical

rra¡ds of the ff1rnípeg General Hospital ¡¡ere studied. There were nine rnales
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ard one fenale, ttreir ages ranged fron 2! lo 76 l¡e ars and the ci¡cum-

ference of th eir arns ranged fron 2] to 30 centj¡eters. The gloup

selected Trras relatively homogeneous with regard to girth of ann and

preference was given to ttrose subiects rryithout obvious cardiovascular

disorderé. The procedure was well tolerated ard ín no i¡starìce dld

a henatoma devel-op though in some cåses the artery was punctured

three or four tineo i¡ the ccurse of an hour' Fifby-two sets of sijn¡1-

taneous measurement s of auscultatoly a¡d i¡tra-arterial pressr¡lles Ûe"e

nad.e on these ten subiects. In addition, on five subjects tàe effect

of occfudlng the clrcul¿tion was observed eight tixnes'

TI{E¡¡ETHoD¡0RASSESSINGTIIE]NFÌ,T]B{0EoFCUFFSIZEAx]ÐAnMG]RTHcN
AÎ]SCULTATORY MEASURTMEI{ TS

A. APPABATUS

13. cuffs and [Anometer. FOUr rridth s of conpression cuff rere used:

B, L2, 16 and 20 centi¡eters. These cuffs ¡Yere of the sane thidfness of

rr¡bber and covered by the sane inelastic tsterial as t'he s tandard

13 centineteï cuff. Ttre measurements were nade wÍth a standard tycos

mercufj¡ nanonetæ .

B. PROCEDURE

14. Meaqr!"enerlqs. ALL auscultator1'' ÍEasurenrent s were taker¡ with the

patiørt at rest Ln tåe recunbent position. Ttre pr ocedure was e4lained

to the patLent while preli-ninary meåsurements we¡e bei¡g taken to

establlsh tjl,te generaL level of pressure. The c ircuüìfe]'enc e of the ar¡r
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was me€.sured. as previously descrlbed. One of the four vridths of cuff

was placed about the upper arn, at ùl¡e level at, which the circu¡aference

had been ¡neasured and t¡ro deterninatlons eacÌì of systolic a¡ld diastolic

pressurea rere nad.e. The other cuffs were substituted in turr¡ and the

readings repeated. îwenty-four measurerrents of systolic and diastoLic

pressure, six for eech size of cuff, were nade on en indivíduaL.

C. SU&IECTS

1"t5" Selectig,n o! gguiects. Tuenty-two patients on the medical and

surgical lTå¡ds of the ïfinnipeg General Ilospital were studied. There

were fourteen nales and eight fenaLes, their ages ranged fron 23 to

7lr years and ¿he cirsumference of their arms from 21 to lr0 centjmeters.

these subjects rere selected so tþt thls group 1n contr¿st to the

previous one was heterogeneoua in regard to girth of the ann. None

e:ùíbited cardiac arrÌ¡ythnia or eder¡a of the sofb tLssues "

TFTE METT{OD ¡TR MEASIJRTNG TI¡E DISTRTHJTION OF APPLIÐ CUFF PRESSI'RE IN
TI]E I]T\IDERITNI.G TTSSI]ES.

A. APPARATI]S

16. Tissue preslure sar¡qn!¡terr In o¡rler to ¡neesure the pressure in

the tis$res under a bJ.ood pressure cuff, a tsodÍfication of the apparatus

described by trYe11s et, al. (1938) wês used. this consisted of a 2O gauge

spinal needl"e, 7.5 centimeters in length, connected to one end of a glass

capil-lary tube, 20 centineters in length. To the other end of the

capíIlar¡r tubo ras connected a gLass T-tube attached to a standard
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mercury manometer and to the coryression bulb of the nanoneter. AII

conriections we¡e uade with healy rubber pressure tubing.

B. PROCEDI]RE

13å. Meesureqents of ùiisue p¡lelsure. All ¡neaeurement s of pressure

rere t¿ken with ilie subject i¡ the recumbent positlon. The spi-nal need]-e

and the glass capilJ.ary tube were filled with isotonic saline soluti on

lrr such a ¡ì¿¡nner as to le¿ve an air bubble in the cêpillary tube. The

needle was ínserted ínto the tiss¡¡es fron belor the lower €dge of a

cuff ü¡hiclt had previously been placed around the arm. The position of the

point of trhe needle in the ùissues w.Ith referênee to ühe suff was

established by neasu¡.j.ng tJre anglè and the distance of inserti on of the

needle and the distance of the poÍ-nt of insertj,on fron tt¡e lower edge

of the cuff. th-e t¡{easìrrenents rlere supp lenen ted by observations made

of the depth at which bone was struck. The depth and position of the

bone in relation to the cuff was dete¡mi¡¡ed þ soft tissue X-rays and

these were also used to Ì€asure the effecti.ve dl"aneter of the arm.

Desplt e tf¡ ese attenpts to asce"tåfn the exact positfon of ùhe point of

the needle it is probabLe thât an accuracy of not better th¿ur 0.5 centi -
meters in a4y dlrectlon was obtained excçt when the needle was vertical
to the edge of tÌ¡e cuff or 1n contact with bone.

1?i:. Afber insertion of the needle the presn¡re ritlún ttle cuff rvas

raised and the pressure w.ithin the needle varied until e point.¡yas

reached at whlch â few fiiltineters of Iaercury of additlonal pressure irr

the needle caused the air bbble in the capillary tube to ûove inward.s
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end a lew mil1i¡ete¡s less pressure caused tÀe bubble to move outwards.

ltris pressure was taken òo itdicate tl¡e tissue pressure which ¡ras in

equilibrir¡n '[ith the appS.ied cuff pressure. The procedure rras repeated

n'ith the needle in twenty-nine different positLons under the 12 centi-

ûete¡ cuff, nine unde¡ the B centi¡aeter cuff and tnenåy-six under the

h centineter cuff.

C, SI'BJECT

19. Selectl¡n. lhe subject chosen fcr this e:çerinent ras a

nortally j.11 conratose fenale of 72 yeara of ag€. I?re ¿¡u was soft

and f]-abþ and the measured cL¡er¡mference was 30 centii[eters. the

effective circumference as detemi-Ded .f,ron X-ray fllms was 2b to 26

centir¡eters.



CHAPÎM ÏTI

RESUTTS

L. trotroductíon. In cormon wi th those of other j.nvestigators the

present Tesults have shonn cert¿in dlscrepancies betweer¡ auseultato ry

and intra-arterial pressure Íreasurementa and ít appears that these ere

detenni¡ed by the contoìrr of tàe puIse, the width of tihe anff, the

girth of the am, and the auscultatory indíces anployed. As these

faetô rs differ in relative importance in regard to systolic ard diastolic

mea$lrerûents the results concerned w'it h these t'wo reasr¡remer¡ts wi l-1 be

detailed separatêly.

A. STSTOTIC IüEASURE¡{ENTS

Z. Asree¡nent of auscultatory measuremenbs wilþ latelel pryg..

Ír Table II are recorded aLt tl¡e s imultaneous measurementg of ausculta-

tory end intra-erte¡íal pressure nade on ten subJects. Subjects were

deslgnated as *Coldtr nhen tJl ey ûere at nearly basal conditi ons of cLrsu-

lation ttrougþ tltey were not puryosefìrlLy cooledr and as rIIottr when tl¡e

bllood fl-cm had been increased by general body heating a¡d exercise of

the a¡n prior to the arterial puncture. Three subjects were observed

¡rd er bo th conditions and they appear trrrice in the Table beoause as

rlLL be seen the r€lationship bet¡reen auscultatcny and j-ntra-arterlal

meas.r rene¡¡ts varied $lth the blood flo¡r. Colums 5 and 6 of ihè Table

shor the auscultatory and the lateral pressure tæasurements, while

Colum B shons the dffference between th €$. It is seen tÌ¡at ausor ltatoly
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s;rs to lic neesuleûqlts averaged O.J rnl1l-i-rneters of rnercury above

Lateral slrstolic pressure, with a range of differenee frnn - 17 tþ + 12

nill-imeters of nerorry, rhich is in accord w"i t}r the füdings of other

investigators (t{anilton er. aI. I)}6, Ragan and Bordley 1!l¡1, Steele lpLr2).

As this group of subjects was fairly hoåogeneous with respect to

neas¡red arm ci rormference it is not J.ikeþ tbat deviations of this

nagnitude can be whol\r accornted for on the basis of this feetor.

3. Con.lgux of t\s ]-ateral pressqlq pUlggg. Informati on as to cne

of the cáuses of the observed dÍscrepancies lras obtained þ analysing

the contour of tl¡e lateral pressure pulses ín the individual cases. the

shape of the pulse€, es is seen in Figures B to 19, di ffered frÞn índi-

vidual- to individual- and in the sane fndlv:idual with changes in bl ood

flo¡v. Tt¡ere were tüo extreme tyÞes, those srith narror,ç peaked crests,

for exalryle Elgure B, end t]Dse ryl-th b¡oad rounded crests, for exa¡ÐIe

Figure 1!. As each of these curves had a different pressure scaIe, tn:t

a s l¡nílar time base, corea rison was sirplified by raeasuring the rridttr

of the pulse í¡ d¡11l1-neters at a point equivalent to 15 ni ineters

of mererr'¡r belor ¿he systollc peak. Measuremsrts were roade of tÀree

represerìtative pulses w:ithin five Ílinutes of tl¡e tire presaute readings

rere nade. In Table II the subjects havê been arranged so tha t they

progress frpn those nú th thê nost peaked to those wi th the most rounded

contori.rs. The measr.uements of the width of the lateæ.I pressure pulses

appear in Colurrr 3 of tJn e Tab1e, while Colu¡¡n B shows tÀe difference

between auscult¿tory and intra-arterial measurernent s. It is seen that
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jl] jndividuals ï1th narrõly pêaked pulse curwes auscultatory systolic

rûeasureüÊnislÍeremrchbeloÏrÞte¡alsystolicpressures'inindiv:iduals

with i¡termediate curves the auscultat¡ry rÞasurenent s were cl-oser to

lêtereL systolic pressuresr while in j¡divíduale n'i th very broad curves

the auscul-tato ry measur eüent s were above låteß'f systoLic presflrres '

these obse¡r¡ations indicate tlet the discrepa¡cies betweãÌ au's cultato ry

ard lateral trn'essÌ¡.res are related to the c ontour of the lêteral pressrrre

pulses.

l+. P{e¡;q¡re et',he tine of auscul,b¿rto ry- measg: emæn! ' Auso: Ltatory

sys iol-ic nê asùr enett s are ÍE'de at a tjme when the blood pressure euff

is i¡flated a,nd. t,he refore t,tr ey rculd be e4pected to approxinrate end

ïathe r tfsn lateral plessures. Ttre possibiliv tÀat end pressures

existed at the tjme of ûeasuremenb was investigated in four subiects'

after nak Íng auscultator measuÏeuìents a cuff, previously placed arcund

the forearn, was jnflaied to beyond systo líc pressure ard the measr¡rements

repeated. Ttrree series of such alternate readi¡gs were rnade and the

differences betv¡eql readings before and during occlusion of the circu*

.lation averaged. As it, was found tha t this net'hod of producing erd

pressures in the artely had little effect on the measursrents an attelçt

ras na.de to accentuate any possible difference' To do this trhe rhole

procedure was rerpeated after vigoroì¡s exercise of ihe foreant i'n older

to i¡crease blood flow. These readingsr after exercise, are shomn in

TabLe IfI. It is seen that stopping the circulaticn even irt these

circunstÂnces dld not lcêterially alter òhe auscultato !y measw enents'
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AUSCU],TATORY MEASURBffi{ TS BEFOP.X A}Ð AilM. OCCTUSTON OF THE CIRCULATION

(lúeasured in nm. raercur¡')

Note: All measurements were taken after exereise s¡Ìd the diastolic

ind.ex eÍployed r¡¡as the ffuffling of sounds.
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5" Diffe{gnce betqee4 9nd and lelera. pressures. }laving established

tÌ:at auscultatory rneasurements were made under conditions where end

presaures existed it was necessary to ascertain if erd pressures were

actual-ly slgnificantly different frþm lateral pressures and the ct¡anges

taklng place in the cortour of the pulse wh en and pressures were produced.

This was done in five subjects by infÞting an occluding cuff just d:i stal

to the site of arterial puncture. Under these cireumstances sinn¡ltaneóus

lateral and end pressures were not available for reasr:renenL, so to

assess t,he difference betweer¡ th@ tñree measurements of pressure were

nede just prior to tl¡e inflLation of the cuff and th¡ee neasurenents

during inflati on f.n apparently the sane phases of resplration. The

effect of occlusion of the circulation belo¡r the needle of the ranoreter

1s shown in FS.gures 2O and 21, and the obsewed pressures are recorded

in Tabile IV, Colunrrs f and 6. Colunn B, str owÍlg the change irr pressure,

denonstrates that i¡ every Ínstance a rise in systol-ic pressure occuIred,

averaging 9 ¡¡ifllmeters of mercurTr with a range of 2 to L9 nillimeters.

ThLs ri.se Ln systolic pressüre was accoryanied by a ehange in the contour

of the pulse as is 6hoTm in Eigure !l and in Cofimns 2 and J of the Table.

The most narkod rises occurred nhe¡e the contour of the puJ.ses ras

pmportíonately rnost rnrroned, fæ exarple subJecte E.t"trColdn and V.M.

trCo1d . In those with on\y a snal-l ri,se, for exa¡¡pIe subjects H.K.trCo1dn

and M.G.lrooldrt tlìe cüìtour, alt¡ough changed, did not show narrow-ing

detectable by t?re nethod of ¡easurenent oployed here. these fird ings

are i.n accord Ïrith those of Robi:now et 41. (l-939) and indicate tlet end
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FIGIIAE 20

. PRESSÛÏE PTLSE mACr$G, SUBJECT ü-e- rtc0lÐÛ

(Signafs i¡dlcate auseult'atory meágurer¡e'bts t?d:.* the other
'arñ a¿d the period of ócclusío.a óf th€ ciroulatÍo¡' )

lrM.Eg,.

t20

100

80

6o

S i gnal
S€c.

i : .. .. FrffRE .21

' :: 
, ?sEssu*E PtII,sà rRacr¡rG, stBJ'gcr r.tr.'Rtrç

(stgnal-s: ib4!c6te âuscu.Ltatory me?surenentg made ott th€ other
'""ã. tlru eiieulation was ocoiudeá between ouff eigpals.)

iiiii\irriiir\iiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiirriiniiH

80 fB cuff
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TABI.E IV

TT{]RA.ARIERTAL IAIERAI, Al{D fr{D PRESSURES

(Measured 1n nm. nercury)

I¿teraL prêssurè Êrd pressure Dífference

SubJect
Tery.

ftdth of
rulse wave
l¡r m.

sys-
toLit

Dias-
tolic

lTídth of
puJ.se wave
1n ¡n¡n.

sys-
to11(

Dias
toLi

ìnd Einus lateral

sys-
tolic

Ðias-
tolic

1 2 3 Ir 5 6 7 B 9

E.L"
Cold

v.M.
Cold

H.K.
Cold

M.G.
Cold

V.M"
Hot

fl.tr.
iIôt

T.K.
Co].d

T.K.
Hot

l¡.c
L.o
L.o

\.5
5.o
5.o

6.o
6.o
ó.0

6.0
6.Ð
6.0

8.0
9,5
9.0

9.O
9.0
9"O

e.5
lo.o
10.o

12.O
L2:¡5
12.O

a25
L25
t2,

th7
tL
1LB

IT2
lth
112

r.l¡5
1b6
1l+6

r1¡l
111+

111

9B
9B
97

t_13
111_

113

111

lu¡
lu-L

óo
óo
63

62
6lt
6l+

57
59
55

56
58
58

66
69
66

57
60
6r.

TO
70
70

Bo
7B
79

2.5
2.t
2.5

l+.0
3.0
3.0

6.o
,.o
6.o

ó.0
6.o
6"o

B.o
8.o
B.o

ó.0
6.o
6.o

7.O
7.t
7.5

7.O
7.5
7.O

1l+o
]Lo
ilro

L6
t66
166

115
116
116

119
thB
1b9

119
422
f17

L

l11o
lrog
l1o9

t,,.,
luz
lrrz

l,,o
I::zt

|'"

63
63
63

66
70
67

58
6o
5e

57
5e
59

69
69
66

62
61
61

73
73
73

B2
BO

B2

L5
15
!5
æ
1a
t5
IB
17.03-

2
b-m-r-
2
3
3.0

B

6T3E-
11
L2
l"t.?-T-

6
l+

T3
9
9
6-3õ

3
3
o
z3
tr-
6
3
E3r
bfr
I
1
1
1.O

0-
o
1.O
,.1
0
2.O
T-
3
3

'õ22
L-
2.1

Mean 9.0 2.0
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pressu¡e nay be signifiaantly above laterål pressure and ihat the

greatest difference is associated with tfre greatest narrowing of the

peak of the pulse wave.

6. Ag¡'eenen! of auscultatgry Eeasurgrnenþe rnith en3 p!'q€sq'es. In

subjects ¡cittl narrow peaked contours the auscultator'¡r measurenenüg, ¡Tllictl

v¡e¡e belw lateral pressures, sere naturally evern ft¡r tÌ¡er below srd

pressu¡es. thus subiect V.M.ttCoLdtr is *l cmn in TabÌe IV, Colunn B to

have had an end presswe 1? ¡nilli¡oeters of ne rcury above the lateral,

whiLe in Table 1I, Cofu¡nn B it is seen that his aussultatory neasurer¡ents

were llr millirneters below Èhe lateral . In subjects with very broad

contours i¡r whom tl.e end-lateraL pres$rre differences rere srnall-, and in

vhcmauss[llratorymeasureraentswereabovelatera]pressllresrítwouldbe

e4pected that suscultatory measurenenLs r,foul-d also exceed ãld pressures.

Tt¡is was obsez,ved. in subject T.K.ncoldtt a¡rd nHotrr whos€ sjjroltåneous

auscuÌtatory and end intra-arterial reasu¡enents are shown in Table fI,

Colu¡¡ns I and 7 and the difference between t'hep in Colunn 9' It is

cl,ear therefore that despite theoreti cal- considerati ons auscultatory

neasureïo€nts sho,r litt1e better agreenent w:ith end pressures than they

do witù l-ateral pressures and in cases rrhere the pulse raves are narrow

the disagreement is even greater.

7. fnfl!¡eqce of olff w'ijth on auscl4lalory meaÊulqgnts ' In order

to show the influence of cuff wídth on auscultatory m easur e¡¡ent s, a g¡}up

of subjects was chosen in uhich theie was a much wider varlâtíon in regard
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to ¡neasured gj¡th of am thar in the group þst considered. The mean

Îa11.es of tl¡ e auscul-tatÕ!:r üÞasurernents nade $ith the forr different

wi-dtt¡ s of cuffs are sho'¡rn i¡ labl-e V rhere it is seen tåa t t'he highest

measuremer¡t s of both systo3.ic ard diastolic pressures were obtained

using a ctff B centirneters in width. The use of r¡dder or ffs gave lower

readingsn tr{hen the dlfferenees between th.e reasurel¡ents obtained with

a 2O centÍ,neter euff and each of the oiher tl¡ree cuffs lras calculated

it was foünd that the difference bet¡Ye€n neasu.rements nade with the

B centineter ard the 12 centineler cuffs was greater than tàe difference

betireen the 12 centineter and ttre 16 centineter q¡ ffs ntr ie}r in turn was

greater tlsn the difference between the 1.6 centi¡neter ard the 20 centi-

neter cuffs. These differences, while not stri ctly rel¿ ted to atr size,

ïrere greetest Ín subjec+.s having tf¡e Þrgest girth" The ¡vidth of the

cuff therefore has an iüportarìt infl,uence on aus cr1 ltat cry reasurenents,

b¡t thls is nodifled þ ühe gi"tå of the añn.

8. Relation-strip of a{o¡ gitlh to cuff tr"igt}r. To demonstrate the

relati onship betweerr the i¡fluence of the girth of the atyn ard that of

t'tre wídt!¡ of olff on auscultatory measurenent s, the group ras divided

l¡to tÀree cLåsses, tt!ôse witù¡ a rrn circumferences ftuÐ.2A b 25 cal,!-.

neters, frrcm 25 to 30 centjjnet,ers, and those otrer 30 centíneters. ltp

auscultatorï¡ neasurenents of the individuals in each of tåese classes are

shorn graphicåI1y in Figure 2l for systolic and Figure 2l¡ for diastolíc

prêssures. For each class rean values for eaù width of srff Ïrave been

Joined. The resultant surves show that in generel the greater 'ùre girth



TABÏ,,8 V.

MF,AN AUSCüT,TATORT BIOOD ?NESSURE VÂT-.,UES 031¡.]X'IED I/MTI{ CI]F¡S O¡' DT.FIEAINT WIÐIHS.

(Measured in nrn. rnerculy) n

Difference
between 20 o¡0,
cuff vêfue
ard. others

Mean DiastoLic Values

I12L6

Cuff wj.dth in cnr

r^ ( .,

932
96lrL79lr

l:25l)
17 11 6
1870
1?62
21. 1l¡ 9
2l¿ 1l¡ 6
17 r.0 3
$l+o1573
L983
hzL22 l+ l+
2t- 5 :"
2a96
28 17 r.0
2995
32 11 10
26L\ 2

8 r.2 1.6 2a

77 7a 65 óo
66 60 59 57
77 7L 72 68
BL 73 68 6lt

tl+B thl 1Ll0 L36
92 86 8x 75B2 ?1 6l+ 6h
73 62 5B 56
?B ?1 66 57
Loo 90 82 76
72 65 58 55
78 67 63 63
r15 107 103 1oo
Bl" ?0 65 62
B? 85 Bl¡ 83
t12 9b 9l¿ 90th óB 611 63
r31 110 10? l-01
82 71 óh 5llro8 BB 8l+ 79
t62 ilû 1l+0 130
B5 ?0 61 59

Difference
between 20 csl
cuff Yalue
and ot hers

Iean Systollc VEIues

B r.2 L6

2tL2 5LB83
:r273
u l.l" 6
t7?l¿
r.r" 9 3
763

20 10 1x965I?Lo 61¡+53
1L62
17 t2 i.0
2686
lJr4'
1l+26
2362
LI lt r.:Ì.

2B¡+3
5l¡ r.b 9
L8 1t 3
3922 9

Cuff rcldth i.n cm.

812 162A

18Bh

th? 138 r3r. 126
Lr.6 l"oó Iox 98
x37 132 t28 r25
1lh 108 L03 97
208 198 195 191
120 l1l¡ 112 109
r29 r28 t25 122
131 121. r12 1Ït
128 r.r.5 lXh 109
18i¡ 1?? L73 L67
121+ 115 IlJ r-10
10? 102 9B 96
L6t !6a 158 1li8
136 r.18 Lr-6 r"1o
llrl+ 13h 135 130
i.80 168 1?2 \66
130 113 r-09 107
208 1?B 1?8 1ó7
119 99 9l¿ 9L
220 180 r75 ú'6
228 L99 183 180
I23 106 93 8l{

Note: Each !ûea¡ pressuye value is cor¡puted fron ó observed values. The total number of

obserletions was 10?ó. Subjects are arr¿nged in. order of arrn size and the diastol-lc

i.ndex elployed was the mrffllng sf sounds"

A¡m
Circ.
ln cm.

Ag(Sub j ect

i8 21
,f 11

i8 22
th 23
)n ta
t5 2h
;0 25
t6 26

tl+ 28
t7 28
)¿ ¿u
lA ôÂ

¡B 28
il 29
13 30
l8 3r)
di 31
25 3i¡h 35
{t 36
t2 Lt:

A.I(.

J.ß.
l, ta

p.u.
A.S.
M.T.
1/.M"
D. A.

J. F"
c.s.
lvl.1,.

M.K.
A"C"

?3 1lt 5Mean:
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of the ann the greater the effect of charìging the width of the cuff,
tle initial slope of the curves being steepest in the subJects rc.ith

the greatest arvr girths.

9. Meellle4enle of glg g:Ig. Au the above reÐl,ts indicated the .

inpo.tance of a¡e girth an attenpt lras nade to ascertain the reLation-

ship of ¡neasr¡red girtå to the effective girth; effective gir th being

considered ùo be that present ',rhen the cuff was inf lsted. To detemfu¡e

the effective girth X-ray filns, usi-ng so ft tissue t echnique, were taker¡

before and afLer inflati on of a standard blood pressure cuff to systiúic
pressure. This was done on three subjects whose sofb tissue consistency

was different. The neasured arm círcunferences were 2p, 30 a¡¡d 3l+ centi_

neters respectiveþ for a nnlscuLarrtr rtflabbyr and e nfatri aflR. circumferer¡ces

calculated fron X-ray fi1¡¡s before inflation of tt¡e cuff were 2g, 30 ard

J! centineters ard after inflati on ZJr 26 and,31 centíneters. As would

be expected it was found tlut the c ircumference at the centeí of the

cuff rras nore affected than at the edges. ït is therefore seen th at

effectlve c írcunference can dÍffer from ne¿su¡ed circumference and ttris
diffe¡ence appeers to dçend upon the conslsteney of tÌ¡ e soft tissues.

10. Relatiol o€ the leve1 ojq cuf{ prqssure t¿ tis sue pressure.

PreLÍninary to a study of the distribrtíon of presôure iri the tissuee

underlying the cuff it was necessary to ascertai¡ the influer¡ce of diiferent
qrff pressur€s. The tissue presfltre was measured. at four to six qr ff
pressures betrneen 20 ard 2OO mitlùneters of nerørry at eight polnts under

the t2 centineter cuff aird at nine points under the B centlmeter cuff.
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Figures 25 arö' 26 show the observations made at four posit'i"ons <jf the

needle uruler eêch of these cuffs. fn ttpse Figures it is seen ttrat for

each position of the needle the ¡atio of tissue pressure to aoplied

pressure rsnains constant. this held in a sijtiÍIar fashion for the

observations not charted. The refore tÌ¡e dis tribution of the pressl¡re

und er the cuff is jnde-pêndent of the appl-ied pressure and thê relation-

ship between tissue ¡ressr¡re and applied pressure for any poj¡t can be

epressed as e percentage of t'he cuff pressure.

11. Distr:i br ti on of press!{'e- xq tÞe gl-g-:gg undel'- the erf!. Ha\ring

shovn tha t tJte relationship of the tLssue pressrz'e to t'he appì-ied

pres$rre is independent of the cuff pressure Ít was possible to study

the geographical distril¡:tion of the pressure beneath the cuff usíng a

sing 1e or ff pressur€ for each point. Î}re cuff pressures used were

betneen 150 ard 200 n1ll-j-neters of mero,r ry and the neasu]'enen ts nade were

converted to percentage values r¡trich are shown in Êlgures 27, 28 atÃ 29

for cuffs 12, B and h centimeters in n-idth. Conparison of t't¡ese

Figures suggested trÊt tbe relationship of these values to the edge of

the \rarious qr ffs was sinilar and jrd€pendent of tÀe total width of

the cuff. To test this all the observations were Íncorporated in the

diagrarn shovm i¡ Eigure 30 and were located keçf.ng constan¿ tih eir

relationshíp to the nearest edge of the cuff ærd the ir de,oth in tle

iissuea. Because the discrepancíes between the measur ements rade with

different orffs Íere Do greater than between ttle measurerents :nade w'ith

the sa¡ne olff it was eoncluded that ttre pattenn of the pressure distrib¡tion
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irvas s i¡rilar for the various cuffs except beneatl¡ tlie wider cuffs ryhere

a F"ider cenl,raf zone of high pressure was present. The total nunber of

obs ervati ons was insufficieni to enable exact isobaric linês to be dram

but certain general trends were noied. The highest ¡elative pressures

¡vere found near the center of the cuff and the zone occnrpied by these

values, although fairl"y extensive i¡urediately berìeath the cuff becané

less so at greater depths in the ti-ssues. 'T[ith the l¿ centimeter cuff,

as shown in Figure 29 ùhè LOO percent zone was not detected. Lowest

relative pressì¡res Ìyere found towards the edge of the cuff and the

area occr:.pied by these values was definíteþ greater at, i:rcreasing depths

i¡ tþ tissues. ltre zone in n.hich intersediate values rere present lay

between tte Iow and the high relative pressure zores and appeared to

broaden at greater deptÀs ín the tl,ssues at the expense of the high

pressur€ zone"

B. DIASTO],IC }MASIIRzuEMS

12. Agreement of au! qultetôry measrrreqqnt s with þ!e¡:a1 pressures.

In Table If, Colur rs 1O and 11 are Listed the s irnrltaneous rBeasurenents

of auscul-tatory and Lateral diastolic pressures. The auscultatory values

were obtained us j.rrg the nuffllilg of scunds as ttre jrrde:r. In Colunn 1J

is s hown the difference between the measr¡rements end it wiLl be seerr

tlìat the au6@1tatory values avêrage 12.2 naiLli:neters of nercrlr¡¡ above

lateral diastolie pressurè wi ttr a range of difference of - !2 to + 38

millírneters. Thís is in agreement witÀ tl¡e findings of other investi-

getors ( Hanl-lton et a1. 1)J6, Eagan and Bordley 1!l¿1, and Steele 191+2. )
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The fact that only t',o negative differences were found in the forty-three

conparisons, both of these being on the s¿¡ne subject, indi eat,es that ure

measur:e¡renfg cb tained using this index are usually conslderably above

lateral diastolic pressure. The deteetion of the poj¡lt of cessêtic¡n

of all s ounds dep ends upon the aøBteness of ttre hearing of the individual

obsenver, and witÀ the @plolnnent of no other ind.ex is there such a

¡vide variation i¡ meas¡r enent fro¡n observer t¡ obsæver. In the fe¡v

instances in this s tudy where a shârp end point could be e1ícited it
agreed wel-l rith lateral diastolic pressure, but this oceu¡ence was æ

infrequent that the cessatj.on of sounds was of 1ítt1e use jJr obtêinj¡g

nE asu¡'enent,s of diastol.ic presqrre.

73. Agreemqrt of auscu],tato¡:r neasu_rqne¡ls '¡f!tr ee4 p res,su res_.

Because sounds are still being produced at the point of m¡ffling of

6ounds it is Logical to assuae that the flor of b].ood Ís at least

partLy obstnìcted by the coryressing cuff. Measure¡nents obtaLned, uslng

l,his lndex, oight tt¡erefore be closer to ênd than to l_ateral diastoLic

pressìrre. the procedure used to nea$¡re end diastoLic pressure rras

ldentical to t?rat used for end systoJ-ic pressur€s, a¡d the observatíons

¡nade are sho¡qn in Table IV, Colurr¡s l¡ and ?. It is seen that end

diestol-ie pressuzes averaged 2 ¡dll_i.¡neters of nercury above Lateral

díastoLic pressures with e rang6 of difference fïon 0 to ó mi[i¡eters.
The$e small differences when consider€d i-ri relation to the large

differences between auscultatory and lateral neasurements indÍcate that

auscuLtatory Íìeesurements, usíng the ¡rufff-Íng of sounds as an index,

do not agree ûith end diastolic prêssu,r€so



68

1L. Qt}rgr feglo_rg. No relati onship between the contour of the

pulses and the disc"eÌlarìcies beti¡reen auscuftatÐry dÍastolic llEasur e!0ent s

a¡rd intra-arteri-al pressures could be domonstrated. lhe øidth of e¡ff
and girtå ôf arra influenced the neasureü'ents i.n tù¡e same nanner as th ey

i¡f luenced auscultatory systolic measurenents.
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CI{APTEP, W

DTSCUSSTON

1. Intfolir¡c4on. The purpose of this s tudy has been to ascertaj¡
the factors which detendne the value s obtai¡ed by ü¡e auscultatory

uneth od of rneasuring arteriaL pressure ard if possible to elaborate

forrnuLae to correct for variations in these factoû's. rn díscussing the

results it ¡¡riLl first be necessalTr to conslde¡e an erplenaü on of the

various phenonena obserwod and then to shov hov¡ these bear upon the

problera".

A. EXPI,ANAÏI ON 0F TI{E OBSERT¡ED PHE{OIì{ENA

2. De-oencþrcy of auscr{qþry ¡ßeasgr ernæ.qg upoq the contour of the

pulse" It has been shown that auscultatory systoLic measErements were

nade at a tir¡e when end pressures etcisted in the artery and the.t the

obsewed deviations of auscul-tatory re asur emenb s frcn int¡a-arte¡iaI
pressures were related to the cÕntour of the l"atel'al- arid end pulses"

An exlplanation for this relatii onsh ip 1s to be found j¡ a consideration

of the ¡BetlÐd of measurenqrt. The pruduction of audible sormds depands

upon the penetratíon of ttre peaks of the puLse waves througþ the s egment

of arte"y coryressed þ the cuff" A certaÍn anor¡nt of energy is necessary

to overc ome the preszure exerted þ the cuff. A pulse whicl¡ is broad ard

rounded wílL have considerably more energy available for a longer period.

of tiroe to penetrate the corrpressed seg¡ûent than rfl lf a narrovr pulse.
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Thus, when broad pulses were fornd üre auscultato ly rneas'rement s approxi-

¡nated or exceeded intra-arterial pressures. lïher¡ narro¡q pu.lses were found.,

auscultstory neasur enent s we¡e below íntra-arterial pressures. rt rryas

also observed that narmw latel'al Ðressure pulses und.e:went narked

systolic elevati on when co nverted into e¡rd puJ-ses ard. ttre pulses became

Ín¡ch narrower. Because of flre counter effect of this clrånge in contour

åugsr Ltatory neasur enent s, al thougþ rade when end pressures are present,

may stiJ-L be much below lateral pressuruJ.

3. Dqgqdgqgy of suscu Lta.Þry neaqnrenent¡ upoû t4g -r:g!! of q¡ jqf.

Then ausculta.tory üÞasuremen¿s *er€ nade on the sa¡re subject, ïe-ith cuffe

ranging fron I to 2O centineters in width, progressiveþ lorer readings

of both systolic and diastolic pressì.rre were obtained as ttre width of the

cuff was increased. Plotting tì.ese neasure@ents gave curves which had an

initial steç slope when narrower cuffs were used and which becanûe less

steep as the wÍdth of the cuff was increased. These firdings can be

ercplained by using as a specific ex8mple the obs ervati ons nad.e on the

subject in nhon the distribrti.on of tl¡e applied pressure ín the tissr¡es

beneat*¡ various widths of cuff was deternined. ft ras shown that ttre

ratd, o of tíssue pressure tô appl_ied pressure was constant at any given

position j.n the tissues, witÀin ttt e pressu¡e range of 20 to 20O qittÍ-
maters of neran rjr, ard that the gene]:al pattern of the distrit'tion. of
appLÍed p¡easü'e throughout the tissues was üre sarne foy each sirff.
Horeve¡ the depth to which the central higþ relative p¡es sì¡r e zone extended.

rvas foryd to depend upon the rnidth of the cuff enployed. Bene¿th ¿he



7t

center of the I centimeter cuff onl"y !O pereent of the applied iÍ,essure
;iras trans¡ìitted to the depth of the bone and üÌus availabLe fcr
co¡fçressing the arùery. 0n this basis au.scültêtory neasursnents made

wi th the I ce'tiraeter cuff woutd be eryected to yield nuch hígher varues

tlan would be obtained with rider cuffs which proJected 100 percent, zones

to the depth of the bone. Accordingly systolic a¡d diastoric r€asurenents

nade with cuffs from lr to ZO centimeters j.n $:idth rere obtained. and. are

charted in Figure 31" Estinates of relative pressul€ at the LeveL of
bone t¿ken fron rllg're 3o are ar"so shortrn in Eigure 31. ït ,,.írf be seerì

tla t the steep part of tlì e currre corresponds to thê transition f¡orn a

cuff rchieh does not project a high relative pressure zone to tàe bone to
a cuff ï¡hich does. The Less steep parts of tÀe curve correspond to
increaseg in width of the high presflrre zone, produced by changing to

w:ider cuffs. These obsenrations suggest thât the ausor 1ta tory blood

pressure neasurements are affected by the width of the cuff because of
tnro factors. Eirstly, narrow cr¡ ffs proJect considerably l-ess than the

applied pressure to the depth of the artery ard. secondly, that once tJr e

widtà of the cuff has been íncreased to that necessåry to project a high

relatÍve pressure to f,he depth of the artery, filrther increases in the

v¡:idth of tt¡e cuff câuse Ínereasingly l_onger segrents of artery to be

occluded, adding to the difficulty of penetration W the puLse wave.

L. Deper-rdenq¡ of aus qùlqÞory mggfurement! upon arr¡r gilt!¡. It was

obserwed that tt¡e greater ttre girth of the arrn the steeper tbe initiaL
slope of the curve represenÈ5ng decreases in auscultatory measursnents,
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obtai¡d when cuffs of incaeasing w-idth were used. These observations

i¡rdicate t'hat the girth of the aro' relative to the ìü"idth of the cuff
used. is iÍportant. They can be e4plained on the basis of ttre distrihtion
'pattern of the applied pressure irr the tissues underlying the cuff. lt
was shown that the greater the depth of tissue under the cuff the na¡rowe¡
ras the zone of high pressure. Thus üre girth of the al1n will deterr¡ine
the percentage of the applied pressure which is tra¡rsnitted to the artery
and the lengt'h of ttle seg'nent of artery Ì¡hich is affected br this pressule.

5. Dependency of effecg ve girth upon the oonsistllcy of the soft
tissues ' rt'vas observed tra t the effect on a.scì¡]tatorîr neasuv ement s of
ehanging the widt'h of cuff was not strictry related to the neasur ed girth
of t'rre arm" a possible reason for t,'is was supplied þy the observation
that the measured gi rth of the ars was found. to be a poor index of the
girtyì when the cuff was inflated. Even if tl¡e efÍective girth were
readi- 

'y 
measured indivtduar variations in the position of the ar¡ery wour_d

e>¡ert an i@ortant j¡rfluence. furth ernore the conslstenc¡, of the soft
tÍssues besides detenn-ining the effectí ve girtå night also eïert a g¡eat
but as yet undetermined lnfluence on tåe dist¡fb:tion of presstrre rithi-n
the tisfl¡es.

6. Depe4dencl ojq qgqcu Ltato ry. ngaqqements upon tþe jndices anployed.
The first appearance of sound. is generall;, accepted. as inùicating auscul_
tatory systolic pr€ssure and the factors which influence the closeness of
the association of thís index l?iür intra_a:,teriaL pressure have been
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discussed" The auscultatory i¡dex most widely anployed foÌ the detection

of diastolic presarre is the rnrffl-í¡g of sounds, that is the beginni-ng of

the fourth sound phase. The findings of this sürdy, in accord with those

of ottrer investigators, showed ttrfs index to yit?J-d neasurements 'rûhic h

varied greatly above lateraL diastolic pres$rre, averaging t 12 ¡¡illimeters

of nercury with a range of - LT tô l. 38 nillj¡reters. The nean elevati on

of tàe neasurements obtained wit Ìr thls index above intra-arteríal- pressures

suggests that it is not a neasure of diastoLic pressure, however if 1t

could be þholrn to bear a pred.ictable rel-ati onship to dj,astolic presÍrre

it wouLd be a valuable i¡rdex. The wide range of observed values níght

have been due eithe¡ to the inÍLuence of factors whictt were shorvn to

affect the systolic j.r¡dex o¡ tô the difficulty in the det'ection of the

clenge in sounds. No relati onship between the mrffling of sotrnds and

the contorr of the puÌ-se was demonstrated. The factors influencing the

distrilÐtion of applied pressur€ ilt the tissues underlying tàe cuff,

t'ÌÌat 1s the width of t'h e ctr ff and ttre girth of the ant, had si¡uilar but

less marked effects to those exerbed on the aussuftatory systolic index.

However the subjects Ìrhic h showed ttre wide range of differences betvreen

auscuÌtatory and i¡tra-arteriaf rneasurenents fo¡ned a relatively

honogeneous grorp w"ith regard to the girth of the arm so it is unLíke1y

that fåese diff'erences cån be accounted for on the basis of the i¡rfluence

of these factors. Therefore it woutd appear t'l¡a¿ the nuffling of sounds

ís an unrel-iable index of diaôtolic pressure. The detection of the point

at which all s ounds cease was extremel-y difficult to deterrrine and the

bearilg of ihe factors found to influence other auscultatory Í¡dices was

not established with regard to thís i¡dex.
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B. APPLICATIoN 0F THE OBSERVEÐ PIm{OlvlE¡\lA

7. Aqs_q4tato ry nea,sq¡eüe4! of systol-iJ prersl¡te. The estinâti on of

systolic pressure bJ¡ the auseultatorï¡ rnethod is dependent upon the

penetratíon of pulse waves througþ a s egÌûørt oî arler¡ conpressed by the

cuff of tJle blood pressure epp¿ratus " Thê fåctors e[hich have been shown

to influence auscultatory neasurenents act either to nodi f! ¿he æount

of applied pressure effêctilte at the depth of the ariery and the length

of the segrlsrt of arbæy connressed or to detemine t]¡e capasiff of

the pulse waves to penetrate the ooqpressed segnent. the w;idtlt of t'h e

ü¡ff and the girbh of the atm, deterníning t'lìe effectlve pressure and

the length of the segnent of artery co!¡pres$ed remain constant in a

given indivfdual, hrt the contour of tfìe pulses, detennining the ease

n-it't¡ which the pulse ryaves penetrate tJre segnent varies widely ftþn

i¡dividual tc individual and ín the sane individuaL at different tines.

B. 4rqcqltjltoÈ^y @asur ernent of diastolic plgÊsurg. Meâsuro$ents

obtained using the ruffling of s ounds as an auscultêtory index vary

widely and unpredictabþ frc¡n íntra-arterial pressures and cannot be

considered as reliably indicating diastolic pressure either Latera.l- o¡

end. the point of cessation of sounds, while agreeing witt¡ latere.L

diastolic pressure is usually very indefinite and not a practical irdex.

9. S. t¿nclqrd auscglqatorïr procedUlg. The rnajor facto rs ïh ich effect

the neasurement s obtained by the auscultatory method are lalomr and in

rega¡d to systoLic nreasurenents it nouLd be possible þ erbending the
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observations to elaborate a correction formrla. Horryever i¡ such a

forrnula üou1d be ineor¡rorated factors representlng tJ:e contour of the

pulse, depth of the artery and the conslstency of f,he soft tissues, none

of which can be readily neasured and èherfore $ìch a folrula wouÌd- be

of l-ítt1e use. In regard to diastolíc measureneots whi eh have been found

to deviate unpredictably frotn intra-arteria] pressures it nould be

inpossible to devise any netkrod of correction " The above consÍder¿tíons

suggest ttrat the åuseul-tatory procedure gives results which depend upon

nunerous factors the surfl of vrtr íeh for elinic al puryoses rnay provide a

E¡easu¡enent of great signl-ficance" However the measure¡nernts are not

those of systolic and diastolic pressuïe and nhethe" or not the terrnino-

logy 1s changed the distinction is rea1.
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CHAPTER V

Si'UMÀffi AXID CONCLUSTON

1. Surmaly. A study has been nade of the factors affeclring the

auscuLtatory measurements of arterial bIood. pressure. þ coqarison

of auscultatot:r atrd intra-arterial pressures in a g"oup of subjeets

ir¡ith simil-ar girths of arm it was for:nd tle t the conto¡r of the pul-se

exerted a great inffuencê on auscultatory systolic measurements; when

the contour was narrow auscultatory neâsìrre!ûents ¡rere too lc$r l'he"eas

when it was broad they were too high. auscurtatory rneasr¡rernents appeåred

to agree better w:ittÌ þteral than end i¡tra-arterial pressu¡es,

averagürg O.l nillineters of nercury above lateral systolic wlth a
Ìange of difference fron - 1Z to + 12 rn:illimeters. The neasurements

obtained using auscultatory indices for diastolic pressÌrre were

unaffected by the contour of the pulse and varÍ ed unpredictably froût

i¡tra-arterial- diastolic pressures, the discrepancy averagÍng + 12

milLineters of mercury with a range of difference fron - r.? tô + 3B nilli-
neters. By taking auscultatory measurernents w"itÀ different w:idths of
cuff in a ser{.es of subjeGts wi th a variety of arn sizes Ít was found

that auscultatory systol_is and dÍastolÍc ne asur enent s were d.e¡rend.ent

upon the relationship between cuff size and a¡¡n girth; naryow cuffs

and large arms tended to gi-ve ttie highest æasurement s. By taking

ï-ray films it was found that the ef,fective gi rth of th.e arm n'as modified

by the pressu¡e in the q¡ff depending upon the consistency of the soft
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tíssues. By neasuring tissue press.r.res unde¡ the cuff it was four¡d

íhat the gi'rth of the ar'¡o afld the width of the suff determined the

pressrrre acting on the artery and on the length of the artery oecluded.

2., 9onclusÍon. It '¡ras coneluded thàt ausc"¿Ltatory systolic neesure-

raent s are dependent upon various factors Trhiclì if neth ods of measureu¡ent

were available could be correeted for to yield measurenents closely

approximati n g lntra-a rLerial systol"ic ples sures, whereas aus cultatory

diastolie meåsurstrent s Trhich rere fot¡nd to vary unpredictably fron

intra+,rteriêl pressures could not be corrected in such a nanner.
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