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-A.bstract

Part f

¿l review of the líteratu-re up to April 1957 srt prrlrnonary flrnctl-on 1n

congesti-rre heart failure has been undertaken j:r an ai;tenpt to ascertain jJ

measurenents of the disturbances in functj-on of the. lungs might explain

the cfrspnoea associated luith this condition-" h severe failure nearJ-y all

measurements indicated disturbance in pulmonary ftrncticnn Though devia-

tions from normal values were found jn mild and moderate comgestj-ve fai.l*

ure, there vleï.e no consistent abnorrnalities to he-l-p explain the basis of

cardiac dyspnoea, nor dici they correlate with the degree of clinieal dis-

abilitye

Fart Iï

The mechanical propertíes o.f the lungs were aeasured in the sit+"Íng

and supine positiorns jn fi-ve no¡rnal subjects and five patients v¡ith or-

ihoproea due to congestive heart, faj-lure" The patients had higher elastip

and viscous resístances in the sitting posii,ionn Recumbency increased

both resisì,ances in both groups hrt there rñras a disproportionate i¡rcrease

in viscous resistanee of the patients" This increase -fras most rnarked in

late expi:ation and ear1y inspiraiion, ft vEas concl-uded that orthoÐnoea

is due to recumbency increasíng the viscors resj-stanee and that the ef-

fect is related to the level of lung j¡flationa

w-



Sart ï,

Chapte_r

I
T]

ilï
rV
v

VT
vïï

.lâft LLo

ChagÞet

TAHTE OF CONTENTS

A reriw of the literature"

Page

tratroduction.. c o oce e. ¿ o. o¿ o. oo. o o o o o. c o o û o..
ïarng Volume'.. oo oo oo ôo o oo e ûo oo o oo o ê o o ôê ô o êo oo o o o ooo o o

Dynanic F\rncti"onr oo o o ôo o ó ooo,c. o. oô o¿oooo. ôâ c o o o o oo o oo oo o o

Blood Gases o € o . ô c o e o o o 6 o o € o o q o . o e o o o o o c o o o o o e o ê ' . o c o c c . o o o

Distrihrtion and Diffusion Characteristicso eo oo ooôooo ôoo eo
fulmonary Iúechani-cso oo o o è.o o o âoo oe o oo oo eooo ooéo. eo 6o o o o oo o

Conclusioflo 
". o ô ô o o c s o o o o o o o o e o o o o o o o o o o o o ¿ o o o e o o o o o o o. c o o o

RgfgrenceS o o. o . ó o o o o o o o o e ø o o o o o o ø. o o o oo o ó c o. o o o . ô o o o o o o o s I

Àn experimental study of the effect of posture on the mechanical
properties of the lungs in congestive heart failur"e"

PaEeé
I:troduction" oo o o o o o o o o o o o o o o o oo oô o o o o o oo 6 êo oo o è oø o ô o o o êo ô 23
Mgthodro ô o ô oo o ø o6 6 o o o ø eo o o o o o o o ê 6 oo ô o s o eo oo ø @o o øøo o6 øøøøø, 23
Resultso o oe ooe ooooê6 oôoo ca o s oo ô o oo o oo eo eoo. oo ooo. o o o oo ooo " 25

Elastic Resistanc€"o o o o Ò... o oc o6 o eoo o os oo ooo6 o 25
viscous Besistance... oo o o o6 oô øo6o è€oc. ô sôo€ o6 qo øoo " 25
trllork of Bneathinge o o o oo qc oô. oe 6 o o ooôo oo ôo o 6 o o oo o o ee 26

Ðiscussiooo ec e o oo ô òo co ôô o o oe ooooo ôo ø oeo o. o,.. oe oôo o oe oô o.o 27
sumrnary. o . ô o q o o o o o o o o o â ó o ø ø e ø 6 ø o o e ø o ø o o I o o o ê o o o o I o o ø s ø 6 o o @ 28
Achrowledgementsq o o ö c ø ô o o o e o o o o o o€ oo e oe s o ooo o o eo eo oo o o o o ô , 28
Referencesoo o ooo. ø o o o o o o o eô o o o o. oo ooo oo o oo e oooo o 6s o e o o oo e o 29
Table ïo u no o o o @ o o o o ô o o o o 6 ô oo o ô ø oe o o o o g o o o è a ¿ ø â o o ô o G. c o o c oc 3I
Table Iroo" re ôo. oo ocoo ooôè o ôo. oô ooo.oooc oôâ c. o ó o oo ooc cooô. 3z
Tab]-e III. 

" 
oe o oo oc r a o o o co oso o o s o o coo o o ø o c o o ôo oê o oô eoo o. o ô ø 33

Fi-ga 1. o oo o o o Õ o ô o o o o èo o o o ô ô. c o o e o o o o o. o oø o ô c o o o ô e o o o oo o o o . 3l+
Figt 2oo coê o ô o oo oo oo oøo c øo o oo o oo oe o o o o o o o ao ôgoô e ôo se o o ooo o 35
Appendix to Part II'o.oôôooooooooocoooôooooôoooooeøooô6o. 

" 36

1
I
?

5
6
B

12
th

ï
ÏT

ïfi

ÏV
V

VT



-1.*

Paz't I" A Review' of Ì;he l,iterature

l, trntroduction

F.espi ratory distress or d.¡'spnoea is frequentry an early symotom of
congestive heart failnre" .Sir Tjro¡ras l,elris said, rrThe first indication
of cardiac failure is i;o be found in a diminished tolerance of ererciseo

0f the v€rJr nunsrou.s t,ests of carCÍac efficieney and ineffi-ci-ency, based

as they are mainl)r upon ¡r"rlse-rate or uÞon biood pressure or upon bothu

there is none that approach in delícacy the s¡rrnpton, breathlessnessrr(J-)*

Though the etioIory of dyspnoea ne.y be ccrirplex or rnultiple, clyspnoea is
really a roanife.station of pulmonary insufficiency (2) 

"

Studies of the alterations of pulmonary function in patients rsith
heart failure might enable one to rrnders'r,ancl the basis of this dj-st,ress-

ing q':notom ancl allon¡ assessment of 'che cl-inical- disabÍlity" Therefore,
a review of what is Ìcror¡n'r of pul'rnonary function in heart failure has been

conducted.

ïI, lung Vqlume

-A.fter the introdr.cti.on of the spironeter by líutchison in 1B[7u Rubo'y

in 1908 (l) and siebeck ix 191c (i¡) found a redueed vitar capacity in
congestive heart failure. This ,¡¡as lat,er confir¡ned b3r peabo.dy and his
associates (5) i¡r a series of i-nvesti g-ations of respiration jn congestive

faifure conducted at Harvarcl Universi,cy j_n 1916_17. They -found vital ca_

pacities l-ess than 9O'l of normal in 13I of A56 ræ.tients with heart fail_
ure; ihe vital capacity was less Lnan 60% of normal j¡ sei¡e::e fail-u.res
Recovery from fail-u.re iryas associated with an íncrease. in vi-ial capaci_t¡r"

The vital capaci-ty v,ras then tho.'rght to pa.raller. dJ¡sonoea very closery
and he a good index of d.isa.bilityo
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F\rrther subdívisions of lung volume were measr-:.red (ó-lf-i and vítal

canacity, inspiratory and erpiratory reserve ¡¡olume, residual vohrme and

'r,o'r,al lung capacity ',vere all- reduced in severe fa j-l-ure. Earlier studies

(l) showed a relatively larger resiclual volu:ne in rnikl congesiive failure

which vras thought to be associated v,¡ith a dec:rease in expiratory reserve

r¡olurnen Ho.rever, in severe farlure all lung vclumes, including res'iduai

volume, felJ- (7r8)" This n¡as con-fir¡necl, b¡r PåcharCs in 1951- (]1) vrho gr"a*

d.ed. lung volumes accor.ri-i:rg to severity of faílure in a se-¡'ir-:s of 25 pa*,

ti-ents r¡ii,h varied etiological cardiac di-agnoseso Ïtn miid fail-r;re there

tyes an elevati-on of the resti nE level or mid positicn r,'¡ith an increased

íu-nctional residual capacity and residual volu:re and a ctecreased inspira-

tor¡r i.sssr\¡e ï-oLumeo ll¡ith j-ncreasing degrees of failu::e ther"e vras a falJ-

in all vol-umes wiih the decrease in resiclual- air occurring on3"y in frank

congestive failure" He did not report d-iffererrces betrveen left ventricu*

lar faij-ure a.nd- mi+"ral stenosis.

itlore recenily (12u13) ventilator¡. studies in ni:itz'al stenosis índica-

ted. norrnal lung volumes in coinpensated cases. 'ltlhen failure occuz'::ed there

i¡rere progressive slrmmetrica,l redr.r-ct,ions i:r ilspir.ator5r and expiratorX' ¡s-

serve volurae, and hence ,¡ital capacity (f3) " Residual volume was found

to increase du::íng early fai-lure and rema.in unchanged v¡ith severe failur-e,

during which there',ç-as a fall jn total lung calxcit¡r. Thus ihe ratio of

residua]- volume to total- lung capacit¡' ¡e"* to abnorual- level-s" Vital-

capacity r"¡as red-uced further in patients with congestive heari failtrre

due to hypertensii¡e disease than in that due to mii;ral- stenosis, accoz'd-

i-rrg to a stud;r of the two etiolc'gical grellps of patients wíth fail-ure of

siniiar severity (11.)"



The ¡"easoirs for changes in lung volume are comolex" Di¡ni,nished vital

caoacity v,ras earl-;i thought to be cLue to frigidity¡ cf the lungs (5r7u9e10)"

Encroachment of the lungs by an increased. heart size, pleural efflrsion or

an el.evated or restricted diaphraggt nìay also occut (Br9rl.L)o i\'hrscular

weakness and fatigue ürere considered as iinportan'i; facl,ors in Icm'ering the

r¡ital capacity (l-2r15)o ft has also been suggesteci that an increase i¡

pulmonar¡r blood volume miqht cause r"igiCity of ihe lungs and encroach uc'on

the ventiÞtory space (l-ór18)o tr: fact, procedures designed, to increase

pulmonar.y 'olood r,"olume were sho¡rn to l-o,¡rer the vi-ì:al capacity {A9=22) and

the pulmonary blood volume was shovrn io be increased in lef', r¡entricular

failure anc]- be relati¡¡ely nornnal- in mitral- stenosìs (fZrf B)* This might

explain th.e finCing of a lovr residual r¡olume in left ventrj-cular faiXure

(l,l-rü) and a normal residual- vcfume l-n mítra1 stenosj-s"

Correlaì;íons of dirninished. vital canacity and elevated- pulmonary vas*

cu-Iar pre-qsrires were variable" Berglund, 19b9. (25) re',porbecl a negatírre

coruelat,ion betv,¡een r¡i'r,al capacity and pulmonary capill-ary pressure in

rnitra] si;enosi-s ivhile Eorden et aI (26) iound. the correlation between

pulr:nona::y arter¡r pressure and vital capacity to be onl-y' fair' in mitraL

stenosis and absent in left ventricub"r' failure"

From the earlier oninion i;hat rrital capacity w?s a goocl index of

disabi-l-ity (5rZl), it is now aprrarent that lung volumes ínây be normal- in

the oi'esence of pronounced d¡rspnoea (9r12r13r1-5rùÐ and are onl;r consis*

tently ahrorrnal jn marked congestive -failure, vrhen a1i lung volumes are

reduced"

TIT, tYnarnij trunction (fu1rnonar1¡ Dynam'ics)

Since the tern ¡venti-lationr irnplies the dynamic clisplacement of the

outside atmosphere into the lungs (2), it is not surprising that studies
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oÍ the d]'nanj-cs of this dispLacement have been helpful i¡ assessü.ent' of

pnlmonary disease (ZT)" rL;e night e:r1:ect such studies in cardj-ac disease

to yielcl a similar resulin

F.esting ventilailon has long been knowrr to be elevated in congestive

failure (ZS-.¡f ) " SimiLarlyu olcygen consrrnpti.on anC ihe basal netabolíc

rate r¡¡ere also shown to be increased in this state (ZBI3Z)" Hyperventi-

lation rras sìlggested by fi-nding an i¡.crease i:i the ventila tion per unlt

of orgrgen eonsumed, or ventilatory equivalent (I:2s1-3e29s-a3), and a low

al-veol-ar C02 tensian (Z7r.zLre.35)" The hyperventilation of cardiac d¡rsp-

noea is sti1l noi adequately explained" t\rl-len et al (35) teft tnat

there !"ras no relation to abnormalities of blood gases or acid-base -na-

lanceu Resnick (32) tnought the increased r¡entil-ation l¡,ras due to ín*

ereased cost of veniil-ation in -r,erms of 02 consumption - v.rhich les since

been shcn'¡n (tZrl-3rZ9s33) Io be not pronortionate. I,lcifichael (31) felt

reflex hyperventilation vras proCuced- by ano>:emia of the respiratory cen-

tre due to a di:ninished cerebral blood flor¡.' and 1ov,¡ cardiac oütput, but

more recent ,¡¡orkers have invoked reflex sti:mrlation from congest,ion of

le.ft, atrium, pu}nonary veins, capillaries or adjacent tissu.e (yZuZ|).

trr the assessment of disabiJ-ity due to puhronary diseaseo consider-

able use has been n:¿de of the nexjmal breathing capacity and the fo-l-l-ov¡*

ine derivecl i¡dices"'

1o Air velocity index %or (3?)

2' Fr.eathins resêrrre - ¡'l'F'C- - resling vegi;j-lqtigg
ffi x loo l2l\-/

z, of pred.icted T/,C"

i¡Ialking ventilation
3 " illalking ir:dex re 100 (38)



In mitral stenosis nearly norila-l- v¿lues were for-tnd in amhrlato4r

netienis with considerahle exertional dyspnoea (12113), e.nc1 these became

a1¡norrnal onJ.y as congestive heart fail-ure became severe (13)- In p'almo-

nary dísease clyspnoea lvas abs,ent unt1l lhe breathing reserve felI to less

tlne.n 65% of the maxirnal breathing capacj tyu but inany cardiacs were dysp-

n-oeic r'{ith values of ovex 751'4 (27) " SimiÞr]-ye many patients with mitral

stenosis became d¡¡spnoeic after l-ess exercj-se than their lv,ralking i¡de:ct

woulci indj-cate. Timed -rital canaci-ty and. air r¡elocity index rernajned

normalu j:idicating s¡.'rnnietrj-ca1 clsnges in vital capacity a.nd maximaL

breatÌr-i-ng capacity (l-3) " ',¡Jhen the maxi,rnal breathi:og capacit¡r rras re-

di:ced, it seemed to be a result of dímj¡jshed distensibility and rnusc;u-

1ar fatigrc (36s-r9) rather than air'way obstructj-ono Casby et aI (11+)

recently studied ventila.tory fuircti-on in nitral stenosis ancl hyperten-

síve heart disease vu-ith similar degrees of con,qestive f'ailure and. cons-

pared the resulis vrith those of a group of pulmonary ernphysema, 'Their

findings j¡ mit;ral si;enosis were simil-ar to other inr¡estigatorss (tZrt3,

39) " lú6st of their h¡rpertensives - fíve out of eight - haC audible u¡heez-

ing respirations and shor,v'ed ventilatory pa.tterns qualÍtatively si¡rílar to

pulmonary emphysena with lor¡¡ M.BoCo, ai:: -¡elocity indices, etc" Their

results woul.d inciicate that cardiac asthma ïïas a very freq.uent finding

j:r the failure of hypertensj-ve heart, disease and'r,hey implied that thjs

'øas tru-e of other diseases of the left ventricle' This was contrary to

the finding of others (39r1+O) and firrther str:dies of congestive failure

ciue to valvular and left ventricular disease are definitel-y needed io

clarify fhe sitiration'

IV" Blood Gases

The oqrgenation of arterial blood expressed as orygen content,,
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seturation or as o)ty-gen tensíon y;as nonï.41 in most cases of cardiac

failure (Zl,15). fn severe rlecompensa.tion there rníght be undersaturaiion

(l+I-L/+) whi-ch improved with 02 therapy (l+L) or cardiac compensation. The

venous 02 conient was often low (l+2) anci the A-V O2 difference increased

in marked congestive failure (l+l), Anoxemia niight be quite narked in car-

Ciac asthma or pulmonary oedema (11+r27),

The partial pressu-re of carbon dioxide in the art,erial blood (pe CC2)

provi-des an aecurate measure or'the partial pressure of carbon dioxi-de in

the alveol-ar air, ancÌ this in tu.rn varies inversely wiih the alveol-ar r¡en-

tilation' A nor¡nal -figure of bO mjnutes of Hg is erceederl ivhen ah¡eolar.

hynoventil-ation exists and is low with ah'ecl-ar hyperveniilation* Arte-

rial pCO2 v¡as usually recÌuced in congestive:rîailure (3)+135) and returned

to normal- after treatment of failure (h5)" Gnl.J' j¡ card.iac asthma and

pulmonary oedema did C02 retention occur (il+r2T).

Fixed acid and lactic acid vrere sald to be high in congestive heart

failure ([6rl#) ¡ot improved techniclqes have shotrn no abnormalíty (35rh8)"

Vo DÍstribution and liffrr-sion Characteristics

Atnormaliiies of blood gases in congestive faílure right be the re-

strlt of alterations ín the distrih:tion or di-ff'¿sion characteristics of

the lungs of such j¡dividuals. An index of pu3-monary mixing ïiras derir¡ed

from rneasuring the percentage nitrogen in alveolar air after breathing

IOO/" oxygen for seven minutes* Thís index l¡ras normal in mitral stenosis

d.espite the find-ing of residual volume/total lung capacity ratio of over

]+Ofl in some casesô Hyperrrentilation coul-d rnask an j-ncrease in the physio*

logical dead-space*

Several workers (l$-53) shoived. an increase in the gracì.ient betlreen

the partial pressure o-f orygen in t,he alveolus and in arterial b1oods



This coul-d- be clue to venous adni:rbure - i"e" contaminaticn of anaerated

i,rittr unaerated blood due to perfu-sion of non*aerateci, lung segments; due

to deaci-snace-like ventilation or to some abnormality of the alveol-ar'

capillary lnem.brane!, .ïti-l-liams (5f) fo:ncl venous admixture to accou.nt

for the increased gradient, but others founri abnormalities in the other'

parameters (Ll+, 50r52)'

ûa¡r'oüet al (50) classj-fied- cases of mitral stenosis in'oo four

grouîlso Group I was as¡'urniomatic and had. nor¡nal distribution and dÍffu*

qirrn- tlror-'n TT had. norrnal- diffusi-on bLr-i t'enous admixÛure and dead-space-p ¿v¿¿ Þ

l-ike ventil-ation inclicated distriLr,tion defects. These patients had

rood.erate s¡rírptoms with slightly'decrea.sed vita"l capacities and naNj¡a1

.breathing capaci-tíes" Group III had ai:norrqal cliffusion but nornia'l dis*

iribution an,j- normal vÍtal- capaci.ties, nasÍmtLm breathing capacities and

mod.erate sJ¡rnptomsu Severe disability maheri the four"tli grcup and was

accompanied b5l. abnormal diffusion anci dist,z'ibuli;ír¡ne Reduced vital eape-

city was íouncl. in al-l ancl reduceci- ¡laxirum breaihing capacit)' in hal-fu

¡naxinel diffusing capacitl" (Curing exercise) was not measured- but the

changes founcl were feli to be outsj-de the range of varíation of the

resting r¡alues" An abnortnal grad.ient 'ras shopnr- þ El-ount (!O) duriag

exercise but venous a&rri:cture and d.iffusion defects lve::e not differen*

tiated. Fowler (52) studied l-3 patienÈ,s t¡¡ith mi'Lra} st"Ênosis end mode-

z'ete disabiJitys fii¡e ha.d ahnormal diffusirrg capcit;', five sho¡¡ed venous

adnixture, and six had rlead-space-lilce ventiLation* Unhfte Carrol!-et al,

they could not correlate their measurenents rvith either puLmonary .¡enolls

pres,sure o:: the clinical s'tate*

The cause of abnormal distribution and diffusion in eongesti-rre heart

failure mÍ6ht be structu-ral or functional {50)u Obstructed bronchi, re-



cu-rrent pu-lmonary enboli, puJ-rnonäry fibr:osis or. capillary closure might

play a part, Changes Ín a.lveolar vralls, capillaries, capilJ_ary basement,

ne¡nbranes, as well a.s uascular cÌranges, have been descríbed in the tungs

in rnitr:.l stenosis and left ventr.icular failure (514-56) 
"

On the cther hancl, functional changes such as oed.erna of i;he air pas-

sagese fluid in the alveolÍ or ehanges j-n vascular pressure might play a

pari' Carroll" founcl some correlation beluwêen dirnínished dj-ffusjng capa-

cÍt¡r ¿¡¿ eler¡ations of pulmonary ar-r,erial_ pressure (57), while others ()1p,

53) could not support such a rela.tionship,

VT. fu Lmonarî'¡ Ì,fe chanics

Diminished lung distensibÍ1i-ty has been fori¡rarcled- as the maj-n faci;or

in the di:ni:rished vi..bal capacity (gran-u1.6u3ge+ou58), in the decreased rnaxi*

num breathinq capacity (lJr27u5O), and as one of the factors in al¡nornia]_

cij-siribu.tion and d-iffusion foun<i in rerked conges.r,ive failure (50)" The

stuCy of the stress-strain relatíonship of bhe lungs in congestive heart

failure míght, th,erefore, be ínfoi'mat,ive.

Carson, in 1820, (59) no1,ed a vetrect,i-ve force of the iungs when the

ches'r, lvas oÐened ín cadaverse bu.t the pïessì.lre-volume curves of lungs from

dead anjmals were found to be erratic (60) " over the physiol-ogical range

of distension, however, pressure vras neari-y a li-near fu-nction of volurne

(ó1) - Roher, in L925, (62) nade the elassical descriptions of how mecha-

nical properties rray be separated- into different componentsu Elastic
forces r'¡ithin the respiratory systen cJepended on the cteg'ee of lung de-

formaticn and hence on vol-ume change, åt the sarne tjme he consid.ered

forces necessar]¡ to overcome the frictional resistance v¡j-thj¡ the systen
(gas flo,u anci tissue frictions resj-stance) to be related not ,co volume

bui to rate of cha.nge of volu-me" Similarl¡r, the forces concerned wiih
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acceleration of mgss ïrould be related to dynarnics of the lu.ng, I. the

static stateu with constant lung volume, only elastic forces should appeare

Confirma.tion of this cor,cept in both ani.¡nals and hrmans came fz'cri several

v¡orkers (63-67jo Christie and lç{eakins (ó8) found that grea,ter changes in

irtrapleural- pressulle yrere necessary to produoe the same tidal vclume in

congesl,ive failure as in norrnal-s, Intrapleural Ðressure often became po-

sitive during expir:ation Ín congestÍ¡¡es while it was norrnal-l-y negative

throughou-i; the respirator"y cycle" Fbrbher investigation irr hunans was de-

la¡red, probably due to the potentÍ-al- danger of creating preurnothoraces in

already i]l patients. .ì¡ack et af (69), Heyer et aI (?0) Aemonstrat,erl in

animal- preparaì;ions that vascular ccngestion, pi:oduced by infusj-ons into

ikre pulmonar)r r¡s55ells, increased the pressure necessary to in,flate the

lungso The demonsÈr'ation that intrathoracic pressure changes night be

-reflected j.n íntra-oesophageal preszur'e -'l-ed to further studies in Ìn:mans,

employing simultaneous recoroings of intra-oesophageal pressure ancl air

rloi',¡ (71r72) 
"

ïIhen air florv'r,r¡as zerae the pressrr-re produced- by the retractive force

of the lung nas active, DLrring air flow i:he pressure required to overcome

resistances to fløv and tissue -friction was also aetive. I'lo",v resistances

Trere comprised of resistance to lani-nar and turbulent flor¡ and these could

be separated- by appl]"ing a nnthematical equation approxi-mating the pressrtre-

ílow curve, Tissue friction could be assessed by breathing gas roixtures of

diffe::ent densities, whieh would alter only resistances to flor (3guT3)"

Brorun, Irry and Ebert (39) nave analysed pu}:ronary mechanics in 1? pa-

-,,ients with cardiac diseaseu and el-astic resi.stance 'dras found increased

compared to noimalo The decrease in coinpliance was co:._rel¿terl with the

reduction in iritaL capacity (39ul+Or|3)"
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Resistance to gas flolv w"as incveased j-n some but not all cardiacs, both

l-aninar and turbulent resistance being affectecio Those Þatients "'¡ith in*

creaseci flow resistance had se.¡e:r'al bouts of congestive failure and their

disease i'ras classe¿ as sev.ere. lrio correlationlß¡¿is establ-ished betvreen flcrury'

resistance ancl clecreased uital capacityo Tissue friction was considered

negligibler¡

Marshall, Mcllroy and Christie (3ó) measured the work of breathilg ln

patisits tEittr dlffer:eni; degrees of heart failure due to mitral stenosiso

Since a pressrire-vo--l-ume or stress-strain rel-ationshi.p contains the element's

of work, the;. s¿1.u.lated the i,¿ork done against elastj-c and f.1ow resistance

in gram centimetres. The a.r'ea of the pllessure-volume loop was equival-en'i;

to non-elastj-c ivork and the area of tbe tr-iangle su-btended by ihe straighÙ

line joining the end poínts of the loop was equivalent io the ell-ast,ic norko

Total rr¡ork was increased at rest in card.Íacsu and there lT'as a cl-isproportj-on-

a.te rise in these sane pa.t5-ents on exercise conpa:red f,,c norirÉ.ls n The in-

crease was pred.oninantly due t<¡ elastic resistance, a-ttribui¿ble to 'bhe

rigid.i.r,y of congested -lu"ngs, EnTploying a forinula expressing the mechani-

cal factors of b¡ea'Lhing (Zl+), one can calculaie an oatimal rate of brea-

thÍng to expend the lea.st work ancl nain'r,ain adequate alvecl-ar ventj-lationa

The rate calcu.lated by this fonnula closel¡r aÞlrro¡rimated the actual resni-

¡atory rate obsenved in eardiac and norrnal controls at rest and on exe?cise"

These workers conc}:ded tha.t patÍ.ents wiih congestive failure breathed at, a

rate and depth most, economit=l in terms of respiratory wcrk" Thus the shal-

1o*¡ 'breathj-ng associated with cardiac dyscnoea requireci less work because of

the large increase in elastic resistanceo iviarshall, St,one ¿-ncl r.lhristie (7!),

employ1¡1g the same methods, compai:ed the performance of norrnals anri cardÍe-e

patients during exercise which was sufficient io produce enough respiratory
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distress to stop 'Lhe exerciseå They forr-nd- norrnal subjects could j.ncrease

respiratory work 'bo a greater extent than cardiacs" This could be repro-

ciuced þ having nornal subjects breathe through a resistanceo lilea,su.rements

of the changes j:r intra-oesophageal pressure shcr¡red. that about the sarne

forceo i-n cm" of H20, 'r,uas exerted by cardiacs and normals "'olhen both reached

the poj:rt of maxj:nal d¡'sp¡eç¿ " They suggested tha.t a lmaximal f orce î was a

comnon ,fac-uor in the dy.spnoea of both produced by exertion" irTormal- su,l>

jects, however, can achieve a much higher rainute volirme before reaching

this point, fn-creased resistances to hreatLring are, thereforeu suggested

by this study though ihey 'ner.e not analSised-" The ar¡ount of force which

could be applied to -r,he -l-ungs would depend on the lnuscr-rla.r and nutritional

si,ate, the ereotional- state as virell as the nech.anics of the ltr-ngs of an ín-
.l

Cil-¡.¡Ld1lâJ o

Reduction of the total intr.athoracic space by such things as an e1e-

vai:ed d.iaphragrn, cardiac enlargement, pJ"eural effusion and ascibes would

decrease ì;he volume of the lungs but woul-d not alter the e'lastic proper-

ties of the lu.ng, Press-:.re changes requi:'ed to overcome the elastic re*

sistance u¡oul-d be expected to be less at lorver level-s of lung inflation,

whereas an increase in pressu-re requirenents is actually obser¡¡erlo

Increased pulmonary blood r¡olirme has t'een suggested as the cause of

lung rigidity (1? sIBeI?s69e70). Infusions into the pulmonary vessels o-f

the lungs of a: iroals increased the pressrr-re required to prorir'-ce the same

infla.ticn (.6grl,Olu An lncrease i¡ the iri-ual capacity of the recu¡nbent

-patient has followed venesection or pooling of blood in the e:rLrenrities

(1;g^Z1)u Encrcacirnent on i;he al.¿eoli by engi:r'ged blood vessels rras pz'o*

posed as the mechanism by r,vhich bl-oocl vol'¡ne affected rrital caoacity, anct

it rrya.s saj-d- that i;he decrease in vital capaciiy was equ-al fo the amcr¿nt
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of blood adcÌecl to i,lie pul:nonarXr circuit (ff)" I-nereases of puì.monarX¡ blood

volume of tÌris order were not -flound in rnitraf stenosis (f7rt8)" An al-ter-

nate ex¡lanation inay be inte-¡'stj-tia,-l- oedene and rieidity produced by an in-

creased pulmonary cari1lary pressure (3ç)" iio cor:i:elai;ion i.vas fou-nd bet'¡¡een

eliher pul-inonary ¡capi11aryt pi:essure or pulnonary a::ter¡' pressure anct com-

pliance (hOrZ0) " Horuever, i-nfusions oí albumín and other procedures designed

to change the '¡olume of blood in -bhe lungs have raisect the putrmonary vâsctl-

lar pressure and rechicecÌ 'the riistensibility (77,78)"

fncreased resistance i-,o flo,u seen in some ca*ses of conqesti-ve heart

failure níght be due to oedena oí ihe bronchlal vral-l-s and to fh.id lining

ihe bronch:ioJ-es (;p) . Obstn:etion of bronchio'ì es in sorne area-s of lung

wou-ld necessltaie irynerventi'lation of remaining Tlortions of 'lung" This in

turn r¡oulri rnean higher rates of flov¡ and ereater ûressure gradients to oro-

duce themo The u-se of j:rtr:a.-oesophageal Þressure to Ínclicate j:ntrathora.cic

pressure i.s not cornpletely on solid grounci ancl rr,here is evidence that the

absoluie j:rtra-oes:cphageal- Irress-rre may be quite different than inirapleu-

:rar-Ì. trressure anci nay be inlhr.er:cerl li;r othe'r' 1;l:zn chan3es irr pressrrre within

the thorax (Zg-8f). Sti:-cLies of mechanics in dj-fferent etíolo¿;ica.l t;rces of

cardiac di-sease and classrf ication accord:-ng io severity of failure lrould

heì-p in our understanding of the lnechanj-cs of the lung.s in congestive heari;

failure"

VIL Conclusion

ImÞairment of respirator;r function Ín ccngestive heart faifure cannot,

:-^ Lv,^ ì;--1^.{- ^p 3Uf nfeSenl þrgv,.-lc.ì -a l-,a gca¡-i},CrÌ to ¡ sinr-le f.A.CtOfo ThgJll ulls ¿Iófru vl ' 9u69g Le sov¡ ¿vu\-r uv e- ulrrÙrrr r(

changes in lung "rolumes and., in .oar"i;icu1ar, the dirninj-shed vital capaclty

(wnicfr v¡as once considered- ihe major disal:i1it-') are not indjcative of

c-l-i.nical i¡nlrairmeni: of funci;ion. Studies cí pulrr:ronary dynarnics are ab-



noï1nal in severe failure h.lt again do noi parallel the syrnptoras" Þ,tients

with very sjmil-ar disa.bil-ityna). ha.ve quite dif-ferent diffusion and dis*

trj_'r¡:tion characteristics, Changes in ou-ì¡ronary el-asticit]. ancÌ resistance

to flow ma;. be present Ln heart faÍlure 'bu-i; have not been stuclied- in suf-

ficient numþers t,o .¡:erni-r, correfation irith ihe s¡nrçtons 
"

l,{east'.::e¡rents oí pu'lmonarXr f'.rnction may be suz"prisirgly normal- in pa-

tien'r,s with consiclerable dyspnoea L,ut seem io be increasj¡gIy:':npaired due

l-.o a r¡rr-'i of.r¡ of carr-ses as the severì-iy of the failure Ð-rogresseso

It seerns cl-ear fron this review that further stud1es are needed t'o

explain the mystevlr of cerdiac cyspnoea"
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Study of
the Lamgs

Iu ïntroduction

The nechanical- properties of the lungs wb¡-ich oppose the aetion of tbe

respiratory mrscles consist of two types of resistance -- elastic and vis-

cousô Both these are operative during lung morrement but' under static con-

diti.ons onþ the elastic resistance is refl-ected in the pressure required

to mai¡tain any given state of i¡flatisn" During movement the viscoue re-

sistance comes into play and íts aciditional effect on the pressì.Ìre depends

on both the resistance to air flow and the resistance to distortion of the

non-el¿stic elements of the hrngu Thus, by measuríng the pressure diffe-
rential across the lung under appropriate circunstances it is possi-ble to

obtai¡ estimates of both the elastic and uiscous properties of the lunge

In 1917 Peabody (1) ascribed the d.yspnoea of cca:gestive heart failure

to an abnomality of the mechanical properties of the Iungs" More ¡ecent-

ly orthoprnoea has been e4plained on a sini-lar basls, an i.:acrease in the

elastic resistance beÍng thought to.be an important factor (2n3/4.s!) " The

purpose of this paper is to report measurements of the elastic and viscous

resistances in the ereet and supine positionn These shcmr tlrat the v"iscous

resistance nay be of greater consequence than the elastic Ín the genesis

of ortho¡noeao

IIn Method

The subjects were five normal individuals and five patients with con-

gestive heart failnre due to rheumatic or arL,eríosclerotic heart disease

(taUle I) " At the time of study all patients had some degree of respi-ra-

tory distress wh:ile lying dou¡n Ín additÍon to venous distension, basa].

pulmonary congestioe, hepatomegaly and peripheral oedema. They also had
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a reduction jn vital capacity and naxi-rral breathj¡rgcapacity as measure¿ in
the sitting posiüion when compared to the predicted \ralues calculated by

the nethods described by Bal-dwin, cournand and Richards (6) 
"

The mechanical properties of the lungs lrere measured and cêlcuLated by

methods essentially the sa&e as enployed þ Cherniack (?). The rate of air
fLov i¡rto and out of the lungs ï¡as meâsured with a pneumotaehmeter, The

volume of air breathed ü¡as detercnined by measuring the area under the pneu-

motachograph unith a planimeter, The effective jntrathoracic pressure Tïas

measured by means of a strain gauge transducer connected on qle side to an

air-filIed thin"qralled ]¿tex balloon in ttre lower thid of the oesophagus

and on the other side to the ¡routhpiece of the pner.rnotachqneter" Tracings

of the air flLow and oesophageal-+nouth di-fferential pressure were reco¡rùed

on a Sanborn polyriso recorder" Sirmrltaneous measurements of the pressure

and volune changes during a complete breathing c¡rcIe, deterrn:ined at inter*
lals of 0"2 seconds, were plotted one against the other" This produced a

loop from whi-ch the foll-owing inf,ormation was derivedo

The pressure required to overcome the elastic resistance of the ¡:ngs
dwÍng the breathing cycle was determ:ined fron the slope of a line joining
the points of no flow at end expiratlon and end inspirationo The elastic
properties of the lung were expressed as the index of elastic resistance,

which is the number of eentjmeters of water pressure change required to
produce and rrp,intain a change of one litre in lung volsmeo The mechanical

work requi-red to overcome elastic resistance ïras obtained from the area of
the right-engled triangle urhose hypotenuse was formed by the 1i:re JoÍning
the points of end erçiration and end. inspiration as described b5r McIlroy,
ft{arshall and Christie (B), and. uras expressed in kilogram centiroetersn

The pressure required to overcrme viscous resistance at any particular
tj-ne during a respiratory c¡rc1e was ascertained fro¡n the pressure-volume



loop þ subtracting fronn the intrathoracic pressure the preszure required

to overcome the el¡stic resistance at that tj¡e. The pressures developed

against the viscous resistance nere plotted against si.:nultaneously r€cop-

ded rates of air flow and the pressure existing at flov rates of 30 Vnjjn.
was chosen to express the viscous resistanceu The area of the pressìlf,€-

volume loop represented the nechanical work dore on the lungs in order to
overcoae viscous resistance and was expressed in kilogram centimeterso

The total work done on the lu¡gs was calcutated by adding the elastic
worku the Ínspiratory vj-scous work and the portion of the e:çiratory vis*
cous work that fe1l outside the el¿stic work areao The work per minute

was calcul¿ted by nmltiplying the ioork per breath þ the respirat,ory rate6

The j-ndex of elastic resi-stance was calculated fron the average of

ten to twenty breaths" Viscous resistance and. the work d.one on the lungs

was calculated from the average of four to five breathsu

The subjects were studied in the sitting position and agaÍn five to
fifteen minutes afber the assumption of the supine posÍtiono Fatient L,T1I,

ï¡46 an exception in that he was s:pported. at any angle of thirty degrees

because of h-is inability to 1ie flat"

fïïu Resul-t,s

Elastic Resistanceo Table If shows that i¡r the sittj¡g position the

index of elastÍc resi.stance was higher jn the patients with congestive

heart faj-lure than in the normal zubj-ectso Assr::npti-on of the supj¡e posi-

tion increased its value in al-I the nonnals and in four of the five car-

diacs, the fifth bejng unabl_e to lie flat,
Viscous Resistanceo ft wil_l be seen in Table II that the riscous re-

sistance in the sitting position

norual subjeets, Figure 1 shows

was higher in the cardiacs than in the

that this was tnre at a1l rates of air
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fIow" The greater viscous resistance in the cardÍac patients is índicated.

by the greater pressure required to produce a given flowu

h lying dqrn an inerease in viscnus resi stance occurred in both

groups of subjects (fatle lI), T:r nornal subjects the Íncrease was spread.

unifornly over the respiratory cycle but, in patients with congestive heart

failure the increase was not uniform, being particularþ narked at the be-

ginning of inspiration and at the end of expirationo The relationship of

rriscors resi-stanee to the resplratory cycle in the supine posj_tj-on is
showrn 1n Figure 2 for the sarne subjects as shouna in Figure Io It w:ill be

seen that in the cardiac patient a greater pressure was requlred to pro*

cluce a given ff-cw at the beginning of j:rspiration than vras required as

inspiration progressed, In expirationu a lower pressure was required at
the begir:ning of expiration than was reqrired as expiration progressed.,

The data in Tsble IT indicate that this -vras tme for a].l the cardiac na-

tíents and was not apparent in the nor¡na1 subjects"

Work gf Brea-thing" Iil the sÍtting position the work performed. on the

lungs against both the vj-scous and elastÍc resistances was greater for the

carcliac than the nonnal subjects (tatle III). Similarly, the tot¿l work

of breathing was much greater ín the carúiacs than j.¡n the nomals"

The aszumption of the supirre position did not result in an íncrease

ín the elastic work of breathing ín elther gr@pp as a d.ecrease in r:inute

volume offset the increase in the index of"el¿stic resistance shown in
Table II" The ræin effect of recurnbency was to increase the work req.uired

to overcome viscous resistance. The average increase was approxÍ:mtely

3oi6 tn the normal subjects while in those with cørgestive failure it was

over 50î6 of the already very high value" Consequently jn the supine posí-

tion the total nrork of breathing tencled to be j¡creased in both groups but



the effect was most pronounced in the cardiac patients. It is of i¡terest

that the one patient (L"ff, ) who could not lie flatn did not have an in-

crease in elastic resistance or elastic work b¡t did have a marked in-

crease in viscous resístance and viscous work"

ïV. Dissussion

The results of this study confirm the observations of others (9rtO,

Ll) that elastic and non-el¿stic resistance is elevated in congestÍ-ve

heart failure in the sitting position" This is presumably related to the

increased pulmonary blood volume believed to be present in this condition

(12113) *

The assumptíon of the srpine position resulted in an increase in the

viscsus resistance and vi-scous work of breathing that was more pronounced

than the i:rcrease in e.Lastic resistance and elastic work of breathings

This uras parbicularly narked in patients with congesti.ve heart failurea

It is Logical, therefore, to relate orthopnoea to the increase in viscous

resistance índuced by the assumption of the supine position,

An explanation of the effect of the recumbent posÍ-tion on the vis-
cous resistance of the lungs must include an erçlanatíon of the peculiar

relatíonship of this resistance to the state of lung inflatisno A sj:nf*

lar h¡t less marked effect of lung inflation ha.s been observed. in norrnal

zubjects while breathing in an expiratory position or during forced. expi*

ratiosl and in emphysematous subjects during expiratiø (1h) " These obser*

vations suggest that the high viscous resistance at 1ow lung volumes is

due to narrow-ing of the air passages in this state, Patients vrith con-

gestive heart failure in the s'upÍne position qrould be especially liketry

to show tkis phenomenon because of congestion and oed.ema tending to ob-

sfruct the aír passageso As the lungs expand these passages would be

openedo lowering the resistance to air flow"
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In assessing the effect of recr¡nbency on respirationu consideration

should be given to the fact that the brunt of the i-ncrease ín viscsus rê*

sistance fel-1 j¡ late expiratfon and early inspiration" It is felt that

thi-s concentration of the resistance to breath5ng cn one part of the res-

piratory cycle would- have a more disturbing effect than if its equivalent

were spread over the whol-e cycle' If this be trle, the values for the work

of breathing reported in Table IfI under-estÍnate the adverse effect of

recumbencyu In any case, the values shqr that the total work of breaùh-

ing of the supine cardj.acs r¡ras approxi:nateþ 25% greater than that of the

sitting cardíaes and that this difference was attrihrtable to the di-ffer*

ence in the work against viscous resistanceu

Vu S"**afX

The a ssr:mption of the supine position resulted j.n a marked increase

in viscous resistance in patients w"ith congestive hearb failure" The maJor

part of this increased resistance occurred at the erd of expíration and

beginning of inspiration when hrng vo3-r:mes were lcn¡,ro As a corseqgencee

the work of breathing in patients with congestive heart failure j.n the

supine position was increased þ 2$ percento The Sspnoea of recrrmbeney

in these patíents is tentativeþ attrihrted to i¡terference vrrith the pa-

tency of the respiratory passages at lm'leveIs of rung inflationç
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Table I

C1inical Data of Five Nonoal
With Coneestive

Subjects and Five Fatients
Heart FaÍlure

vital Capacity ¡f, B. c,
.Aeg Hgigþt Cardiac (ec) |t/rrrn)Fai;ient Sex (¡æ) ("g)__ qrsgnosis* pred" 0bsE ereci.' óbr"

NORTr1 T"5

I+zSo 558a uh 150

l+eoo 3730 I33 96

h:to 6260 r32 rib
hl+:o 55Bo ;-32 1.z3

H.K, M 2I ITi heAO 6o7o L3Z tgl+

CARD]AC PATTENTS

lLcIÌ ê

ÞÞ

frl¡lô u 0

llg
]-.67

179

178

M33
¡Í 16

M 2l+

M27

H"Dr

L"Ln

S 
"Ku

!ìrI!alAo

lo-trT,

¡[

F

M

M

M

6l

lrh

7O

77

66

170

168

]L73

178

168

AoHoD'

ÞÚTì

BoH"D'

A. H.D'

AuH.Do

2950 2237

3b5o 29oz

3530 2395

3320 1160

90

82

75

39

73

33

A.H.Ðo
B.H.I).

Arteriosclerotic heart disease
Rheumatic heart disease
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Table II

Resistance and the Viscous Resistance in Five
Five Patients with Congestive Heart Failure in
the Sittjng and Supine Positions

Index of
Elastic Resistance

(cw u2o/L)
Viscous Eesistance

kess. (cm H2O) to produce flow 30 /rnin.
Subject Sitting Supine Sitting

Inspe Erp,
Supine'r

ïtsp.
low High Lcn

Eryo
ï{i oh
-À-Þ-4

NORMAIS

0o6 1"0 o.l+ 0.9 1"9 l,B

1.1 1"1+ 1.3 L.2 2"O 2,3

:l-o2 1'1 1"7 1"2 Z *T 3.I
o"9 on9 L"3 ]uz 1,I luz

0"6 o"B 7-u2 luo !u2 0,og

Irfean 5'l+o 8.l+6 0"9 1,0 1.15 r"2 1n8 1"8

CARDTAC PATTHITS

Þ11tLal\ ô

¡¿ôu o

5 "gg 6,76

g"3h L2.5O

h"2o 5,\6

T,82 11,10

3"52 6"50

H"D.

LO LU

S"K"

ñ ?Y

L,TII.

10.Bó

11"5

7 "gh

]-:0"75

21.30

2l"TLr

Llr"92

9 "62

11"00

15.1+0

r"2

3.2

1"8

1"3

1.h

l+"1

2"2

2,2

7,"5 2,1+

h"25 1,r5

5"9 3"2

5"1 r"7

2,6 0"6

2"35 2"L5

6,8 t"T

B.B 5'2

9 "r 2"0

5"5 2.o

h"h 1"9

t2"|fi 15,511 1.8 ã"5 6"9

4- viscous resistance in the supine positíon is shorm separately at
high and low levels of lung inflation beeause of the marked ôtgeetof lung expansion on the viscous resistance seen i¡ the supine
cardiac patients"

ir'o 1"8 2"6
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Table fïï

The iÊork of Ereattr:ing of Five No¡'nals and
Congestive Heart Failure Measured in

SupÍ-ne Positions

Five Fatients w'ith
the Sitting and

Subject
BLastic

Sitting Supine

Bneathing (Kg

Viscors
Sitting Supture

TotaL
Sitting Supirre

NOFJ\{¿.LS

R,NU

ap

ROK '

H"Ju

tt It

26,U

11"0

39 "6

h9.l+

32"2

27 "I
rT "2

3'l+"9

J4øY

l+0.7

26"9

25.6

hg"6

39.2

1B,g

27 "9

I7 u2

92.lJ

ho.9

37 "5

3g "g h1,1

23 "B 25 
"8

óh"l+ 81.1

69 "o 55"1+

l+1"? 5g "5

Mean 31,7 31,0 32"O )+3,2 l+7 '8 52.5

CANÐTAC PATTENTS

H"D.

L"Lt

s"K.

n 7?
!o ¡1ô

L.l',I"

57 "B

58"o

39 02

120,1

Lo"9

87 '6
66"L
.:1;:;:::

)+0"0

il+"9

35"6

101.h ]-52.0

99 "O L32.5

36"3 122"5

tho"6 180"2

53"8 72.9

123"7 186.3

I22,lr 152"1
')t::l:: 'tt

62,8 119.6

23)_"6 2rl,g

75"9 B2.o

63"2 6\.6 86"2 ]-32 
"O

119.3 150"1r
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NORMAL CONGESTIVE HEART F¡,ILURE
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NORMAL CONGESTIVE HEART FAILURE
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Fig" 3" Viscous pressure-flow curves in the supi.rre position
Tõf-me same patiènts shown Ín Fig, 1. Data fr-om h-! breaths,

(Inspíration is represented in the upper right quad.ranti
eleplration in the lower left quadrant")
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ApPendix to Fart fÏ

cLinical- Data on ?atients with congesliv1 Failure

Ln ]\,]þ-i{.!.e Age !o' Height 6?n' 'lryeight 191 l-b.

history of j¡rcreasing dyspoea for six monthse pain in

lolver chest anct s:r,v'oIlen ankles for six weeks' Abdomen

during this tjme" No history of severe chest pain"

Presented with a

uÐper abdomen and

had become larger

onphlrsicalexaminationhewasaveryillulethargic,obeserrg,n.Hj.s

fingers and lips were slightly cyanosed" Neck veins v¡ere sligh'Lly disten-

ded at 3Oo, Hís chest revealed- bilateral basal moist inspiratorir raleso

The apex beat w.as not palpable" The heart sounds were faint" B'P" 1hO/70"

Fulse regu1e.ru lgg/rninute' The liver was palpa5te 5-6 finger-breadths and

wastender'Theextremitiesrevealedstasisdennatitisvrithmildpitting

oedena of the ankles and feet'"

A chest x--raJr revealed cardiac enlargement' heart-lung ratio af l5"B/

28"5'Congestíonofprllmonaryvesselsanclasta].lleftpleuraleff\rsion

r,vere Present'

Theelectrocarcliogramsholqeclabnorma]-Twavesj¡leads].and2and

Vlandó.

Diagnosis-Congestiveheartfailureduetoarterioscleroticheart'

disease"

2o n4rs" L'.k Àge l+l+" Height 66rr" lüeight 1?l+ lb* Tbis r¡¡ornan had

rheurnatic fever at age B" She first noticed short'ness of breath at age

18, During a pregnancy at age 2l+ she had episodes of severe dyspnoea'

some at night, and had hemoptysis. In the succeeding years she had rnany

hospitalizationsfortreatmentofcorrgestivefailure"
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Hernresentadmissj.ontothe,trjnnipegGeneral}lospitalwaspreceded

byprogre.ssiveshortnessofbreathforsixweeks,severeeorghingatnight

and.attacksofpa,ro}rysnalnocturnald'yspnoea"Had.noanklesnrelli¡g"

or exanination she rrras ruildly orthopnroeic" she had no ju'gular venous

distension" li[oist rales were heard jn the right lung base' AP# beat was

palpableinthe5trr::rterspaceoutsídethenid.-clarricularfine.Shehad

auricular fibrillation' The apical rate was 10)¡'lni¡rut'e" A grade I systo-

licand'agradelÏ-]H]¡'tediastolicru¡oblewithoutathrillwereheard

at tlre â,ppxo The liver was palpable 2-3 fingers" The chest x-ray showed'

a heart-lung ratio of fB/30 cm" v¡ith some p*LmorÊry vascular congest'icnr"

The EKG showed a right bundle trranch block"

Diagnosis-Congest,ivefailureduetomitralstenosisandrheumatic

heart disease,

3o Ì,ir" s.K." Age ?0" Height ó#n' iffeight uo lb" This man had

rheumatie fever in 190? - age 22" He became short of breath ful 193b and

tiadincreasedd'yspnoeavrithauricuÞrfib,rillationi¡1937.age|2"4t

thÍst.inehewasdigitalized.andplaeedonasalt-freedietostg.ellingof

thean}<lesand.shortnessofbreatharrdcoughhadprompted.trisadrnisslcrt

to hosPitalo

onexanjrratíonhewasapprehensiveandhaddyspnoeaonrecr:mbencye

His neck vej¡s were just elevated at 30o" Rales were heard' at the right

base"Theapexbeatwasdiffuselythrustinginthe5trlmter"p'"e,).È'u.

froro the mid-ljne" A coarse parasystolic nnrrrl¡r and fajnt' early diastolic

rrmible were heard. at the apexe liver was -191pab]€ 2-3 fingers' ExLremi-

ties shot¡¡ed 1l oedema' The chest x-ray shøved marked card'iac enlarge'nent'

rnostly left ventricular' The EKG sho¡çed left' ventricuþr hypertroptty with

T wave changes"
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Diagnosis - congestive fajlure due to rheurnatic heart disease v¡ith

mitral regurgitation and mä:ral stenosis"

h. tr[r.-E-"Ë" Age ?7. Height 70tt' rlieight 1O)+ Ib" This nan had a

history of dyspnoea and ankle swelling since a nheart spelltt in 1953 -

age 75,. He had been taking digitalis irregularly and occasional mercurial

diuretic" In January 1953 an EKG showed complete A-V dissociation and

left ventricular strai¡" Drrring the nonth prior to adraissíon this patient

had decreasing exercise tolerance and ankle w,re11Íng and had paro4vsaal

nocturnal dyspnoea an<l orthopnoea prior to adrn:ission"

ûr physical examinatíon he 'mas mi1dlry ozthopnoeic" tr\rndi grade ii"

slight jugular venous pressì.lre elevation with fjne rales heard at both

lung bases. His B.P, was 195/95, fulse 6)¿, regular" No pulse deficÍt*

Âpex beat outsid.e nid-clavicular line in the 6th interspace" Grade IÏ

soft short systolic trnlrÌlur was heard at the apexo The liver was palpable

2 fingers" lItarket pitting oed.ema Ïras present to the mid-thighs"

Á. chest x-ray shop¡¡ed i¡rcreased heart size; heart-chest ratio J:ï"zf 30'

Left ventricl-e prominent' The aorta was elongated' Root shadows promi-

nent with increased markings in i;he right base" The EKG shorffed complete

.4.-V dissocj-ation with left ventricular h¡oertrophy and straín plus digi-

talis effects"

Diagnosis - Congestive heart failure due io arteriosclerotic beart

disease"

5, Mr" T,.ï,i" Age 61. Hei-ght 6ótt, I'tleight 135 1b" This man had a

myocardial jnfarction in \tay Ig53 and was treated for congestive heart

failure by a country doctor followi-ng this '
In Decemb er 1;g53 he was admitted to the T'fÍrrnipeg General Hospital in

consestive failure" He was found to be nildly þpertensive (t6O/90) and
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an E{G shovred a recent antero-septal infarction plus left ventrj-cular

h¡pertrophy.

Since June 195h the patient had again been dyspnoeic ca: exertiono

He had ar¡k]-e oedema since lrlovember 195h and had been orthopnoeic and

bed-ridden since the end of Novqriber 1955.

O: ad¡rission on March 3, L955 he was dyspnoei-c at rest w-ith jn-

creased jrigular venflrs presslureo }lovement was reduced ín hís left chest.

Fine rales arere heard at both bases with eoarse rales i-n the left poste-

rior base" Dullness lryas present i¡ the J-eft posterior lung base. The

apex beat r',ras thrusting in i;he anterior axillary line in t he 5ttr :-:ater-

spacee ts.P. 110/90" Rllse Bl¡r/minu-te." regular. Heart sound.s were inclis*

tinct; no mutrmrrs rtrere heard. The liver edge was pa'lFable and tlere was

moderate pitting oedema of the exbremities"

A chest x-ray shor,ved marked eardiac enl-argement with congested pul-

monary vasculêr markings and a vredge-shaped infiltration in the left base

posteriorly' An EKG showed an o1d anterior infarction plus left ventri-

cular hypertrophy and straj¡.

Diagnosis - Congestive heart failure due to arteriosclerotic heart

diseasé, fuobable pulmonary infarctions




