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INTRODUCTION

When 1t became known shat Dr Avenll Lichow Professor of Pathologs
of 1ale Unisernity was te he the Praelector in Patholo,y at the Limersity of
5t Andrews for 1935 1t wes felt to be a umque opportumty to buing together
those 1n Brtatn wha had a specral iterest m the limgs The Faeahty of
Medicine conserous of the sad walls that bound the specializes deaded to
call together or a svruposium workers withit the pulmonary field be they
phystologists or physicians  surgeons or pathologists The Court of the
Usnwersus of St Andrews agreed to support the scheme and so there met in

September 1955 at Queens College Dundee the group whose mames are
It ted elsewhere

As & jejune youth aaid recently By pood luck Providence was on our
sule anlit was generally agreed that the stmulating air of the Firth of Tay
produced a gemal mdeed a happy and productine conference Many hase
already expres ed the gratitude due 1o those who offered fresh views fertile
ndeas and friendly discasston and to the ¢ we would add the Thomson ¥res
of Dundee who have produced this volume of proceedings

The Editors
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Pulmonary Vasomotor Nerve Actvity And lts
Possible Functional Significance
| DE BURGH DALY (institute of Arumal Physiology Babrohom Cambridge)

Whether pulmonary vascular resistance 1>
nommally modified by extrinsic vasomotor nerves

the absence of any bronchomotor response

1s still a controversial ssue (1 2) In
this problem two kinds of evidence will be con
sidered here —

(a) The results of animal experiments
which pulmonarv  venttlahon and
arculation art. controlled arifiaally and

(b) PVR (pulmonary vascular resistance)
measurements  obtaned on  human
subjects

Expenments on perfused lungs of ammals

(3) chiefly dogs were onginally designed to
meet the difficulty that large passive changes 1n
pulmonary flow ~ pressure and resistance may
obscure or witiate the demonstration of active
vasomotor merve responses Passte changes
resistance can oceur secondanly to alterahions m
lung blood flow or as the result of broncho
constaction or any change 1n tilat that

(Fig 1

To it trnichon  (broncho
dilation rarely occurred) it 1s usually necessan
to atropimze the ammal This may account for
the fact that the predormnant motor response is
1 asoc since the it p
which have been obtained from time fo time are
atropine sensitive

The net result of these expeniments 1s to show
that both vasoconstrictor and vasodilator fibres
are present in the autonomic nerve supply of the
lungs and from pharmacological ewdence 1t
appears that most of the vasoconstrictor fibres are
sympathetic 1n ongm with cell stations m the
stellate and muddle cervical gangha and with
post ganglionic neurones which are adrenergic
So far as they go these expenments seem con
clusise But 1n order to effect all the controls
necessary to demonstrate unequnocally actine

t the cond:

alters the ntrapulmonary pressure Because of
the communications through the bronchial sy stem
(4) of tessels between the ystemic and
pulmonary arcuits other errors may anse for
the effects of a change m resistance of the bron
cual artenes and ther communicating vessels
due to bronehial vasomotor activity (5) or of a
change 1 systemic pressure {6) can be trans
mitted to the lesser eircmt

To chminate such effects mnervated wsolated
lung preparations (7) were perfused at constant
volume wflow or at a constant head of pressure
with frec ontflow of blood from the left auncle
Bronchomotor effects which are particularly
saipect (80} were tegarded as absent dunng
nenve sumulation tests if the tidal air or ventila
tion overflow remaned constant under con
trolled negative or positine pressure tilat

F Ty of
the expenment become h§gh!\ arbfical and may
possibly lead to a modification of normal
responses  This 1s suggested by the observation
that an imtial sympathetic nerve stimulus or
adrenaline ijection sometimes reduces the
PV whereas subsequent sumlar procedures
raise the PV R Is it possible that perfusion
Teads to sensitisation of the vasaconstrictor or to
paralysis of the svasodilator neuromuscuiar
apparatus’ The PV R of perfused lungs 1s much
greater than normal which may be predomnantly
due to constriction of vessels other than those
responsive to nenve stmulation wath the resolt
that the responses are greater than normal The
Tesnits may therefore represent the physiolomeal
potentiality of the lungs rather than the normal
working mechanism
The d

re pectively  these methods record both changes
W Jung wviscance and elastance but do not
distinguish between them In other espenments.
on whole ammals with a_widely opened thoras
the svstemue sessels were al<o perfused at constant
blood yvolume mnflow (10) To demonstrate the
ewstence of pulmonary vasomotor nerves both the
svmpathetic and parasympathetic trunks supply

g the lungs hate been shimulated Pulmonany
vascolar responses to such  stimulation  are
regarded as proven only 1€ they can be demon

strated at zero svstemic blood pressure and n

of an ndep control
of the lung vessels 1n human subjects requires
that 1 some way passne effects as outlined
above be eliminated Since a change 1n cardiac
output per se alters the PV R there 1s no
1ostification for attnbuting recorded changes in
PVR (ap/flon) ta 2 vasomator nene control
unless 1t can be unequivocally established that
there are no rccompanving changes in cardiac
output and efficency (such as to alter the left
auncle pressure} An mncreased bronchial arey
lation_development m pathologcal lunes so
beautifully demonstrated 10 detail by Doctor
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Licbow would be cxpected to cnhance prene
effects due to blood transfer T aents leading to
active wd passive «ffects on the pulmonary
savular bed are shown n fig 2

The <itc of action of pulmonary vas
constnctor fibres 1< a matter for speculation
espeaially in relation to therr effect vn functional
blood redistnbution They may cause an ity
mittent  ind  aswnchronou  constriction  of
pulmeman artenoles supplying indnidual tern
tonal units and thus determine the number and
localation  of  perfued  umits  Intermittent
actnaty of aheolar captllanes (11) 1nd of lobar

which f transient would <cnve as a normal
mechanism - for  passwely  dilating  alcolar
captllines  If as '1s suspected some of the

capillanes arc constncted n lung perfusion
«vpenments our obscrvations may be equally
sl explained on the hypothesis that sympathetic
nae closes down pul, \ arteny
pulmonary \emn communicating channels {4) or
the larger alveolar capillanes thus causing a
cimmution m total blood flow or a shuntin
of blond through a higher vascular resistance bed
of inactine capillanes or of partially constncted
capillanies If this were the mechanism under
normal  pivaolomical conditions  sympathetic

bronehn has been desenbed (12)  Vasomotor actmats would increase the ahcolar capillary
e wtivity may caun sentle constnction blood flow
REFTRENCES
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The Pulmonary Circulation In Health And Disease

K W DONALD (Department of Medicine University of Birminghom)

¢  The lesser arculation 1s a muracle of structural
smphaty and a mightmare to the student of
wtegrated function The whole cardiac output
which may reach levels of 30 1 /min 15 pumped
through the lung by the relatively weak nght
ventnicle where 1t 1s mtimately dnided and
cffectively exposed to the lung atmosphere The
outflow pressure must be maintatned at low levels

d
s a relatnely shght increase of yenous and
zaplllan pressure \%111 cause a great o]ulpcunng
of arculatory flurd into the Tung alveolt .
The low mpedance of the p\l\mona;\ Cca\:c .
Tation 15 now well known Hicham an : dg;’;s
and Piley et al 1n cardiac cathetensation tu "
on normal suojects  descnbed how sery coSe
siderable increases of cardiac output on exerc:



caused lttle change in the pulmonary arterral
pressure They considered that this decreac of
pulmonary vascular resistance dunng exercise
could cnly be due to the widening of the vascular
channels or to the optming of new channels
Cournand combmed his studies of pulmonary
arterial pressures after pneumoncctomy with
those of Riley and concluded that there was no
significant mcrease of pulmonary artersal pressure
until the rate of blood flow through the langs
exceeded 10 1 /mn/m?

Dexter and oursehes have not been able to
confirra thus 1n subsequent studies Qur observa
tions m normal subjects suggested that the
pulmonary vascular resistance remams faurly
constant ‘and that there 18 a propartionate
mcrease of pulmonary artenal pressure as the
flow nses These findings are more 1n accord
with the older concept that on everase the
pulmonary arculation transtuits the  blood
pumped by the night ventricle almost passively

The measurement of pressures m the leit
anricle and pulmonary vem 1 the mtact human
presents great techmical difficulties The passage
of the catheter through an atral septal defect
or an unclosed foramen ovale gives figures
the region of 58 mm Hy but the possibility of
abnormal h; under these d

were 1 patients with considerably raised
pressures and ammal expertments stll cast doubt
on completr concordance when the pressures are
normal

Experments with ammal and perfused
human lings have shown the passage of small
spheres far larger than could pass any capillary
bed There 1s still considerable debate abont the
sigmficance of such expenments but the general
consensus of opinion 1s that although there are
probably arterio venous shunts they are more
potential than functional n the healthy normal
subject Indeed sigmficant short crcwting of the
alveolar with their bl
would appear both unlhely and agamnst the
interests of the orgamism

The occurrence of precapillary anastomoses
between bronchral arteries and the pulmonany
arcolabion has also been studied a great deal
recently Ammal expenments again suggest that
although these may exist in the normal animal
or human subject they are agamn more potential
than functional Inmany diseases this anastomosts
can become very considerable

Finally we come to the great problem of
vasometnicity of the pulmonary vascular bed
On the whole 1t remains unsolved Changes of

must be borne i 1und The pulmonary capillary
pressure 15 even more difficnlt to determine
Hellems and s colleagues tmpacted the catheter
w one of the lesser radicles of the pulmonary
artery and measured the pressure cautious 1n
their conclusions they felt that as the blood
withdrawn was fully oxygenated there was
probabl  full commumicaton between the
impacted catheter and the capillary bed This
and the fact that the pressures were a few mm
fioher than o the left atnum suggested that
this was a reasonable approumation to
pulmonan, capillary pressure However it 1s
probable that the bload flow through the whole
of the lung segment concerned 1s brought to a
standstll by this procedure and that there 1s
Dittle 1f any collateral wath other

P Y m responsc to varous
stimuli such as anoxia adrenalne hypotensie
drugs etc  have been shown i many ammal
and <ome human expeniments ‘et these results
are so frequently different with varymg
techmques  and  circumstances  and  between
different species of ammals that one begms to
wonder whether they are an important significant
factor m  arculatory  funchon wm  health

Admuttedly nerve endings and receptor organs
haire been shown n the pulmonary artery and
sems and nertous impulses varying with pressure
m these vessels have been recorded = Joseph
Bareroft felt that their very presence must have
some sighificance yet even s amazing ntellect
could see no further I would make a most
tentatne suggestion that although there 15 un

doubted) of the put:

segments  Under these conditions the vascular
bed 1 now being employed as an imperfect and
unusuat extension to the catheter connecting it
with the pulmonan veins The static arculation
of this segment can thus be used to aspirate
pulmonar, venous blood or to record a trude
transpulmonan, senous pressure

Allson s remarhable techmque of needling
the left auncle from the air passages has shown
very amilar pressure levels and vanation as
recorded directly and throu,h the impacted
etheter (Epps and Adler) et these studies

e\

vessels this may be an example of \eshgxa)‘
function which 15 no longer of amportance
Extreme and even differential changes in blood
flow of the gil arches would appear to be a
reasonable necesaty i the early stages of
evolution but marked changes n the resistance
of the pulmonary crculation i response to
sanous stimull may be no longer necessary  and
even undesrsble 1 helthy mammahan Lfe
That almost vestigial structure the coceygeus
which still contributes as a veny munor and almost
unwanted attendant i tidy defrecation used to



wag the tul s at posable that sestigial vaso
matnan of the pulmonan bed has wagged the
dog and gnin uy the discouramng array of
ontrdicton protocols

Pulmonary Circulation in Disease

The pulmonan areulation 1 as samable
its responne o disease as it b to expanmental
proceduns The outstanding problem s the
devclopment of mercased rest tance to flow and
of pulmcnan hypatan on in vanous drcases

In nutral stenoss then 1 a con wderable
meTea i pres ure bedund the nutral valve and
at firnt the pros ure gradient an the Jung vessel
tetund the ofntruction remam the <ame  aff
fres ures g by rouw bl the <ame amount
Mamyv uch patient are ull capable of almost
normial actnity and are mmocon tant dangor of
arute pulmonan oed ma Tt 1 presumed to
v duc to the apabiin of thew patunts to
mrcrease thor cardie output bat cnfs g the
{ne of hih pres ures behind the mutral vahc
A\ further posable contntution mav be an
morease of raprdi cr ulsttn, blod volume
owing to the dnrrvon of blond from  the
planchnn and resting area In the presence of
1y norma) rsung cardar output there o bl
raveeen tretion i thewe area at rest and
therefore a eon rderatle adlume of blood can e
dinested fren them on exesos

Tn ume sanang degrees of further pulmonany
hvperten 1on develop 1 most patients with mitral
stenews  the  con iderabh inercased  gradient
acro~  the lung bang presumably due to m
creasd  pulmonan artenolar resistance  The
degree of incrcase gnd the rate at which th
occurs Is at prescnt quite unpredictable The
pulmonan  arten pressure may o to ven
great haghts noa voung chuld 1n a few wears
whereas another panent who has tight mutral

tenwis and ronstderably rased transpulmonan
pressures mav not devdop marked pulmonan
artenolar rewstance for many vears o at all

The fact that patients with an increased
pulmonan  resistance  although usually  more
dicabled i evenvday Dfe rareh develop ful
minating pulmonany ocdima 15 held by <ome to
«uggest that this mcreased artertolar resistance
1 protecting the capitlartes from sudden and
dangerous nses in pressure et the onhy possible
result of this increased precapilan mmpedance
1f the nght ventnecle does not fail 1s far greater
worh for that ventrule and higher pressures
the pulmonan artenn to mamtam the blood
flow Ve do not hear of systermue hvpertension
having amy direct hzmodynamic eifect on the
capiilany bed even when there s assocated

congestsve fatlure: The svstamie and pulmonan,
capllary pressures are influcnced by the venous
pressuse which 15 un turn influenced by atnal
pressures  1f the mutral valve impedance to
outflow from the lungs remams constant or
mereases there would appear to be only one
{avourable arcumstance 1n which the back
pressure 1 the lung vessels could be reduced and
that 1 suth 2 zeduction m blood flow 1t 1s well
hnown that the cardizc output 1s usually
constdcrably decreased 1n these patients and that
1t 1~ often unchanged on evergse This 15 almost
cetanhy due to the increased mutral ahe
olnstruction  The stroke volume at rest ts small
and any mcrease 1n pulse rate unhihe conditions
in the normal subjeet 15 only at the cost of even
more imparred ventneular filling with reduction
it strohe solume and httle or no resultant increase
m total flow Thus these patients are no longer
capable of producing sudden snereases of flow
wnd a surging of blond agamet the mitral salve
It may be suggested that the considerably
mereased pulmonan artcnolar resistance will of
il cause a reduction of nght ventncular
output and thus guard the impeded fung arcu
lation from further nee of venous and capillan
pres< ure Yt this 1s not the case either with the
sight or left ventricle working agamnst increased
rest tance until after farllure supenienes  Another
possible cause of rehef from severe nses m
tran pulmonan, pressures could be a favourable
alteration in the pressure volume charactenstics
of the left atnum and pulmonany sems It s
fortunat but nevertheles fortwtous that these
more dmabled patients are less prone to acute
pulmonan oedema The word protection 1> m
am case undestrable as it 1s difficult 1o beheve
that a species evohes purposeful protectne
mechani ms agasnst such severe chrome enpphng
discases 1o an unfortunate rmnonty

Returming to the emigma of pulmonan
mypertension in disease we still do not know why
wome cases with mereased putmonan, flow suh
as occurs in patients with a patent ductus
arteriosys  or intra auncular  defect  develop
severe and hilling pulmonan, hvpertension and
vet others who are in no way different as far
as we can tell do not develop creased
pulmonan \ascular rest tance How much this
15 1 pressure 13 due to morpholomcal changes
in the svessels or due to mncreased vaso-motor tone
1 not ¢t clear Pressuse and even histological
studies after the correction of obstruction of
increased  flow  althoush of great chmeal
importance will not entirels sohve this problem
The genesis of hypertension m the P“"’"""”‘z
\ascular bed remamns as great a mysters s tha
of systemic hypertension Ve have far to g0



Some Applications Of Basic Knowledge Of The Collateral
Circulation Of The Lung

AVERILL A LIEBOW (Department of Pathology Yale University School of Medicine
New Haven Connecticut USA)

‘The establishment of 2 pulmonary collateral
arculation provides a means for redirecting the
flow of blood throngh the lungs that may be
useful m therapy

Congental transposition of the great vessels
presents arculatory problems that are at least
partly subject to surgical rewision Ligature of
all pulmonary vems in the dog 1s folloned by a
large collateral arculation that drams fully
oxygenated blood from the operated lung mto
the azy gos and other systemuc vems and thus to
the nght side of the heart {14) The volume of
Plood  flow  through this  system  reaches
approxumately one sixth of what would be
expected under smlar conditsons of anasthesia
bad the fung been wntact (4) The ready estab
ushment of th se collaterals and the considerable
magmtude of the flow obtamed mn a relatiely
short 1nterval of time (3 $ months) suggests that
Dbgature of the pulmonary vem mught be one
approach to secuning a left to nght shunt of
highly oxygenated blood that ordmanly would
arcuiate through the left side of the heart
instances of transposttion of the great vessels
Thes shunt would ad m the refreshment of the
desaturated blood that pursues a course through
the right sided systemic vascular aremt 1n these
patients One advantage of the suggested pro
cedure 15 that the shunt cormes the blood
nevitably, from left to nght whereas the course
of the blood after the creation of a defect n the
mter atnal _septum 15 unpredictable  One
possible difficulty 15 that the venous pressure
mught nise to hngh levels « hen the pulmonary
vems are occluded under the crcumstance of
the  markedly elevated pulmonary artemal
pressure that usually prevails n thewe patients
{5) A method of arcumventing ths problem
would be to ligate both the pulmonan arterte
and sems This procedure has proved feasible
mn the dox without infarction of the lung or
1holition ot 1ts Tespirators function The blood
flaw through such a lung supphed entirely from
the aorta and draiming into the noht heatt oly
Slowly nises to levels of 300 to 500 co (occa
sionally more) 1n three to <rx months tume VWere
this procedure to be practi od m transoosition
the ulhimate effect would be stmph the mtro-

duction of 2 fuing mto the svsterue vaseular
arcwt (Mg 1)

The enormous blood supply to the lung from
the aorta via bronchial arteries that is mnduced
after wterruption of the pulmonary artenal
inflow (79) may be apphed as collateral blood
supply to the heart by cardiopneumonopexy {10)
After this procedure three types of anastomoses
have been observed —1—Tran pleural Anas
tomoses—these may reach a diameter n excess of
1 mm and jom branches of the corenary and
bronchial arteries {Fig 2) 2—Retrocardiac
An stomoses—that connect enlarged branches of
the Jeft circumflex coronary artery usually the
left atmal with bronchial vessels along the major
bronchi or within the mediastinum  3—Inter
coronary Anastomoses  Studies of the hamo
d by means of and cathe
terization have retealed that after approumately
one year some 5° of inflow into the coronary
snus 1s recetved from the collateral vessels The
direction and volume of flow are measured by
mtroduang Evans blue dye at 2 point into the
aorta just above the ostra of the collateral vessels
and simultanecusly measunng the dye concen
tration curves at 4 pomnts —In the femoral
arteries 1 the coronary smus i the nght
atnum 1 the carohd artery {proximal to the
point of introduction of the dye)

It may be suggested that simple rardio
pnenmonopexy  without lhigature’ of the
pulmonary artery would be highly desirable in
most instances of fransposition of the great
vessels In these individuals the pulmonary
artenial pre sure usuafly exceeds that in the
systemic artenes such as the coronary arteres
and the latter also contamn desaturated blood

Tt1 obvious that only the last of these vanous
procedures 1s without cost 1n terms of pulmonary
funchion Ths cost ay nevertheless be worth
the possible benefit to be obtamed
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Observations On Control Mechamsms In The Right Ventncle
In Health And Disease

SIR RUSSELL BROCK (Guy s Hosprtal London, SE 1)

Others will no doubt deal with details of the
arculation wittun the lungs I propo< to present
some of m\ obsenatons and ewperiences n
connection with the more central control of the
pulmonan arculation as evemplfied by the
action of the outflow tract of the nght ventncle m
both health and dr-ease 1n particular 1 wish to
record obwenvations and deductions made from
my evpenence mn some 250 direct operations for
pulmenan stenoss

The Normal Right Venmneular Outflow

It 1s first necessary to consider briefh the
construction of the normal nght ventncular
outflow tract from 1ts funnel shape it 1> often
called the infundibulum When evammed after
removal of the atna and the <uperfictal m esting
laver of arcular muscle fibres it stands out as a
~eparate part of the nght ventnicle 1n @ manner
u.gesting 1t has a separate function

The kev to this hes sn sts development In the
fish and the amphibian heart the bulbus cordis
ewusts as a separate part or chamber which s not
scen 1n the mammahan heart except dunng its
development It then loses 1ts identity by becom
mg  aborbed into the mausculature of the
infundibulum

Retth tn 1904 susgested that this <eparate
anatomy and morphology of the mnfundibulum
dicates a scparate function from the rest of the
nght sentncle He pomted out that in the gill
breathing ertebrates the bulbus recen es the load
of the ventricle and force- 1t onwards into the
aorta leading to the gills and act as a mechamsm
controlhng the flow and the efhaency of the
vahes He sugeests that i man the cempetence
of the pulmonar valves depends on the tonus
and action of the infundibular muscle and quotes
expenments of Gibson (189%) to support thus

The<e expeniments have been repeated and
confirm the part the ventricle plavs It 15 ponted
out that the nzht ventnele does not contract as a
whole but a progressne wase of contraction
passes up the infundibufum this can be obsened
with the naked eve when carefulh looked for
but 1 perfecth demonstrated w1 a slow motion
film such as that of Prnzmetal

In addition zt is hhel that vanations 1 tonus
of the outflow tract are of mmportance m tre
function of the nght ientncle Vanations m

tonus are probably the cause of the attacks of
severe cyanosis and foss of conscrousness seen 1
Fallot s tetralogs 1t 15 othenwse difficult to
account for them 1If the tonus of the mfuncs
bular muscle increases the pulmonasy stenosis
s made warse and less blood goes to the lungs
at the <ame time mofe venous hlood 1s shunted
mto the aorta As cvanosts Mcreases and the
condition detertorates the coronary crculation
begns to fail and an escape mechamsm funchons
otherwiwe death must follow

\anations m tonus of the ifundibutum have
been shown by electromanometnie tracings before
and at op and wll be @ a

Somewhat alhed to this queston of vanng
tonus 1n the infundibulum 1s another ph
seen m <ome cases of pulmonary salve stenous
with an ntact septum  After pulmonary
rahotoms 1n some cases it can be demon trated
that a secondary stenosis deselops tmmediately
m the wfundibulum Ths 15 due to rebef of the
distension present belund the tahe stenosis as
<oon as the 1ahe obstruction 15 rehesed the wall>
of the infundibulum fall tocether

This obsersation s fullv illutrated and 1ts
sirmficance discussed 1t 15 doubtless the cauvse
of many of the <o-called falures after trans
ventncular valhofomny 1 which the pressure m
the nght ventncle remams too hgh The
suggestion that these falures can be prevented
by routine transartenal saliotomy under direct
\isien 35 probablh not correct  Additonal
infundibular resection may be effectice but no
alwavs Perhaps shrinhage of the grossh hyper
trophred muscle may et ©p a PIO°TeSshe

bemgn cucle  These cases are a waring not

to delay relief of pulmonary vale stenous uat!
gross muscle hvpertrophy has occarzed 50 as to
male the ventncle muscle bound

Obsertations will aho be presented on the
secondan effects on the pulmonar arculation of
relief of the stenos:s n Faliot s tetralog: by duect
operations It wll be shown that there 1s no real
truth m the entiasm that a condition of ~ Etsen
menger s complex  wall be caa ed Reports ssall
be given of catheter studies o3 the pulmonan
arculation after diect onerations Pulmonary
flor. 15 not necessanh related to pressure and
examples will be gnen m which the pulmonary
artery pres.ure remains below normal after \er;
succes ful operaton and set the chmical an




functional result 1s perfect cyanos and disability
are totally relieved and the pulmonary blood flow
1s seen to be normal In other words the
important factor 15 the pulmonary resistance
which seems to reman low It mav be that m
later years after a long follow up we may
observe an increase n pulmonary reststance and

the later devel t of serondary pul y
hypertension  even with reversed flow and
récurrence of cyanoss but so far no example of
this has been seen The successful development
of dlosure of the ventricular septal defect which
will certammly be achieved should n any case
prevent the onset of such changes

Cor Pulmonale ln Coal Miners

1 GOUGH (Department of Pathology Welsh National School of Medicine Cardiff)

At the beginning of the precent century the
expectation of lfe of Bntish coal miners was
good and apart from acadents coal mining was
regarded as a healthy occupation There has
however heen a change and when compared
with other occupations the muner has lost hns
former advantage This loss has occurred pro
gre suely as shown by an analysis of the death
rates at the census periods 191012 1921 23 and
193032 There was no census 1940-41 but the
preliminary analysis* relating to the censu of
1951 shows that the hewers and getlers of coal
m England and Wales now have a poor expecta
ton of hfe compared with all occupied and
retired men aged 20 64 the standard mortality
ratio (154) bemg Iugher tham for amy of the
other occupations analysed Included m the
catses of the hih death rate are  myocardial
deteneration (186 SMR} These are additional
to deaths returned as due to rheumatic and
coronary artery disease These myocardial
ca es undoubtedly 1nclude pulmonary heart
i ease which 1 mimers in Wales 15 commonly
due to massive pneumoconiosis {Gough 1947
Wells 1954) In 1000 consecutive autopsies on
coal workers at the Welsh National School of
Medicme i the period 194750 Dr W R
James found that 218 had died of cor pulmonatc
In most of these cases the heart disease resulted
from massive pneumocomiosis  The latter v
associated with strikang changes . the blood
vessels severe obliterative artentis accurrmg as
a result of the evtension of granulation tissue
mcluding dust beanng cells through the walls of
the vessel A h b ay p.
from areas of massive fibrosis into fatg er branches
of the pulmonary artenes A copsiderable part of
the peaphers of the pulmonary, artenal tree thus
becomes  obliterated  Commonly  the main
branches of the pulmonary artenes runming

1

towards the areas of masne fibrosis are of
normal calibre for a few inches und then end
abruptly having given off onlv 2 few small
branches These changes have been described mn
detarl by Vells (1955) working 1 the Medical
School at Cardif He also demonstrated the
artenial obstruction radiologically at autopsy
using radio opaque material imected mto the
pulmonary circulation

Lavenne (1951) concludes that the cardiac
and respiratory causes of death in Belgian coal
miners are the same as thowe n Wales Massne
preumoconiosts produces stnking hypertrophy of
the righit ventricle This form ot pulmonari‘, heart
distase has been myestigated dunng life by
Thoma (1948) who found radiclogical evidence
of enlargement of the nght ventncular outflow
tract He (1951) also evammned hearts from
autopstes and showed that the wall of the nght
rentnele was greatly enfarged compared with
that of the left He found that the cardiac failurc
1s of low output type (1953)

Paper mounted sections of lung (Gough and
Wentworth technique) have been used to study
the coal miners lungs They show cleatly the
character and extent of the pneumocomosis and
of the accompanying emphysema The method
bas also been apphied to ordinary cases of chronic
bronchitis and of status asthmaticus It wa.
unexpictedly found that spasmodic asthma even
of very many years duration may not cause cor
pulmonale The lungs i status asthmaticus
showed over distension but gid not show bullons
emphiysema and thus differed from lungs with
chronic bronchutis The reason why the latter
causcs pulmonary hypertension 13 not certamn but
there are often assocated changes i the
bronchial artenes which may be the cavee
{Cudhowicz & Armstrong 1953)
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DISCUSSION

Professor McMICHAEL

D1 ba ndicated th omil h oot
2 hsis of the pulmonars c real tion

Prof ssor
phsiological

the 805 lun~ Most of u will agree that under his
xpernmental onditon  he h  establ h d that the
p, essel ha e omotor mnen t n

There 1 agretdalofidnetoo nmntht
the lun, artenoles h n it ton Thy o
E4 ® radih to ¢ omnod te late nc o of
flow thout much jresure chn Th pn cpl
splamn, the ucces of Brock operabon n spite of
absence of pressure altr ton | Lee Dudois
(1935) b e recenth hown that th  uptahe of
owvvgen n the lune alatl  ¢h ot —
u ~esting that the al eola ¢ pili me bl hwithe h

heart beat Dunin the  <oron trictor re pon es shich
follow a \ lIsal a expenment the lun  essel m b mo
Tespon e 1 narmal ubj ct  Con id rable fuctuations
of pulmonan irtenal pres u mn
occur w th commespondne  n ton N the mouan 1
attitude of the p tic 1t M thopwm dru~ oft n cause a
very cons d rable drop n pulmonary art nal pes ure
bevond amthin cxpl ble on p 1 e con juence
of rd  outputchanes By o n the mewm cr )
ton time from n ht atnum to the ar and muit neon
2 diac ontput estim ton ¢ n_leul te a central
ca dopulmoniny blood  olume With normal o
motor ontrol thy  olum dmn hes by abaut 250
ce on tanding upn ht (Gimore et al 19> )
VMcthomum apy ears to abols h thy constnct on of the
lun. vs el obsers ton of open n~ and closin~
of tune capllsr i the cat mut 1 thnh be an
rtefact Like come mul r obsematon on th
glomerular cap llame  Such a phenom non would
Jmpls  tmpawr  centil torv  eficiencs  unless the
bronchioles are s multancoush and b the same area
ha e 10 an adentical fashion Of pulmoman
artemolar vasocon tr cton under pathological con
&t ons therey 0o pos bl doubt Donald has ndicated
the stases 10 1ts de elopm 0t 2 mutr 1 tenos
1t m oy b come quit extreme the pulmon 1y arten |
preesure even exceedine the svsterme Ths i peced d
b a tage al whche en mild exerc se 5 ems 1o muuce
pulmonary  asoconstrictiop M colle gues Goods
Steimer and Lowe ha e ho n anatomicall that in
itral stenosis eTOss marrowing Df the a*eTies OCCUTS
particularly 1 the lower part of the lune  Thi
Jocalised d stnbution of a cular narrow - may nter

1

fere yth the valdty or at least the repeatability
of so-called pulmonary cap llany pressure readines
nty of pulmonary capillary pressures Over
0 mm Hg must be due to the fact that death or
oedemu 15 likel abo e tlus Je el Ji her readimns
must be are without oedema unless capilian,
tiltration  d fferent from our usual conceptom of 3
The pulmomary hype ten on of emphvsema
noth fw like w0 intense as that cen in mtral stenos
It s of an psodc chir cter related to attack of
bronchiti with exacerbat ons of anowa and cyanos:
(Moun ey etal 19> ) The mecham m here 1 obscure
Afe vears a o we thought th t a local reactom of
the pulmonar veswels to anowa na the an wer but
aldits of th

15

mu b doubt has been cat on th
vxpl naton both by cln. al (Fshman et al 1955)
nd | cxpenimental obsersat on et al
19543 I¢ 15 quite likel  that the reaction  a comple
Yepone to asphyma m ol n, m my huma al and
nnou mechan ws functional and vanable
pulmon v hpertension of ordnary bron ki

emphyvsema d fiers from the ascul r obstruch e £ pe
Qemonstr t d by Go ph i “outh Walk mn s
e Jp vessel as a mhole probably contan at
amy one moment 600 00 ml of blood Of this only
bout 60 ml 15 undergor acti & esp ton g
exchang  wm th  alweoli (Rou bton 1945}  The
natom cal cap city of the al eolar capillanes must
be n athy_half the total volume m the lunes—pos bl
300 ml Dr Hu,h Jones has su  ested that this m y
mean that under restine conditions acti e gas exchan
campleted in the prox mal end of the capillary and
th t the rest i5 10 reserve for hyeher dem nds e
n e ercase When we apply the method of estimatn
palmonary blood -olume to cardac pt nts th
re ults re most nteresting In left ventricular £ ure
the cone tion of the Ilun s 15 assoc ated with an
cr ase n pulmonary blood olume In n tral steno s
No ncrease n lyn~ blood content : d monstrable m
pt of th increased ascolar pre sures It appe 15
that the Jung e el as a whole ha Jost th
elastic expan tble properhes—in short the essels are
ndurated as patholam ts ka e lon de crbed th m
To um up nts nmy e anescent screntific
reed —1—1 bel eve the lung  ssels ha e an autonom
naecsation which comes ato actton nd s demon
trbe onl und  pecial creamstances TFs 3
anthnw unuuw 1 and has 1t counte part for
¢ ample the problem of i maton of the plam

muscle of the tomach
u{—l do not think the olume of blood flown

s
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theough the b anchial atery anastomos s Jer ¢ s
fikely to coninbute erously to pulmonary hyper
tosio atat dactus artencsus © h evist fof decades
bioc it b omes omplctd by pulmonary hyper
ten on

3-Def ctive entilat n of th lun s from many
au s may cause pulmonary asocon t ction wl ch

cele tvantd ton c n be mprosed

—The_enormous ¢apill ry capac ty of ngs

the'mo mally low pre su ¢ ad the o ndous e
. (total card ac output) mnke 1t qute diffe nt n
13 reacton fron Ay other part of the cwculaton
The f ctorscon e n d n th whole concept of vascul ©

st nce m v d fler cons dersbly n the v teme nd

pulmon ry  reulatiors
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Dr MAURICE CAMPBELL

The am unt of tlc pulmon 1y flow m
th mpo t o ton of th
titinhgofth fotheputmonrypr ue  th
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andh pont dout ¢ nta

© o eaher otk 7 tn £1m pormal
often som  Ight rsc of pulmon 3
th cardic o fput  d ubled ¥

u onc ot
uog Th

m

I wdlk tod » tnt nitoso
1 Conhp I ca co with” lef fom ht! shum
Wb th jimon ry Bow  ge tly nce se my
ftnf four tms normal I shall the x mpls
wil 1 patnt du tu t the moment I am
ocfml  ath the results n th ”
mo on t nt
oy
PEnl Th am
o g eatly tiyace of
o g the ¢ 19 a normat £ 11 n the
pulmen ry rlt nee from hlihood to xdult 1f
th man that r1 prkng th puim n
7o m atuits

& tncul ¢ ontp t s ga ni: lh ouﬂh
P sures we e qu
hree th 12w ek en thiee o &'

13

ve 15 of as hod sy toh pressure betw n 70 and 86
not much below ther systemi pressues but stll
thilag left ta nght shunt
1t 1s possibl that the pre sure Fas 11 n_because
these shunts v ould have be n so eno mou had ths
not happ ned but the no p oof of thus nd the
eof th hunt was about the usual ran, Anoth r
p otwoth mph  ne) thatihe presue s diectly
o rdrectly ew (d by the 1 e flow bec use st ¢ n
be e ersed by clo ng th dictus and 1 Il the
e can tawa found norm 1at cath teriz ton fess
th n ayea after ope ton
The sam g Neral pr n ipdes
entnculr  ptai defeets In
n  of pulmon tv pres
o dile aged [ ! s th atnal
© u h on & en
Vet eular pl ) aefech Prob bl bec u
eptal defe t lc s to T eof pre e nth
ntrcle and o n the pulmonary a t v more ¢
th n the op mno of the p t at dictu
The pulmon y hyperten on n mit 1l
o perunnt r ths con ton thou I
ourse poduced n o nt way
s rgeon 15 s 1 fied that he h  carried
oper tion on the mitral 1 nd has inr
tue w eal y fund tht the p
falls geatly Thi 1 by re cathet
h ugh t  to> much to xpect that the
pulnon v artery wil dima h el
pre sure fall to  drom
Inspt of h &ha
Tun s m

PPy to inal nd
y e p nce the
mor ommon m
eptat d fct

teno

ton
1 e of the
Int

b otolo 1 21 pow  n th

and gener lly the p t
the b neht of fhe doupt Th pps
7h et io- ght hunt tho hon o dult
hoatb cme ftomomnyy
pitimomirs hypert an ¢ Prob Ly oftey too 1t
d th condition b s b com e ces blef It _ens
howe 10 ccept the con'ept of in
nd p nd nt Ongcn 11 pn]mun 3 hyp rten 1on and
ttter 1o s chid of
pulmomity hypertenson. ¢ b1
fll m pr ssure ocours quekly
e ncloed but there1 some _d nc
tk nte the imm &xie (1 b e d
to m rfixchng ndth £ gunme e
€ ¢\ ror obeang du foagadsl e
om_of the n tolog al n th p\ﬂmn \ t
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Cyres Lecture 1 st scur offered an explanation for
thiphenomenon  (Tlavwwd 1955\ descnbng the
de elapm nt of  phy )l ticner in the nterstial
tisue bet een the julmonary capillanes and alveol
so that at these high left atml pre ures pla ma may
filter thtoueh the ¢ pilline but 15 held in the 1nter
sulial space  the [um, becoming ey mpii m th
grocess thi interstitin flusd 18 {re umably remo ed
by the Iymphatics and may be largely responsible for
the radiofomcal epycarinées which have pre
toushy attnbuted to ulmaniny  cnou congestion

There 15 on other point 1 would | ke to mention
n relaion to mutr 1 sttno 3 1 mely our n bility to

demonstrite  ny  functiomng n fomas  1etween
tulmoniry and 1ronchiil vaan' 1 have tred to de thy
m towy —(1) By thing amgle from the

upenor veny « vu ihove and Felow the qun tion of
th' 13gos vemn e should hi e been able to how
an ipprectable diffcr no¢ b tween th 440 3f oxagenated
tlond 10 any wmount 2 cnfering the  ygos throu,h
1t ewe wnastomotic ch nnel m fct ko ¢ er samples
frcn the e two ate have fw 3s been 1d ate 1 [)
Br amjectin, dirdonc into u penpheral [ ulmonary
wrtery through  citheter  «dg d in pos tiop exc lent
delin uon of 11 artn | nd v nous y tem of th
sgm nt con«rn J 1 ottt ind but out of 2 dozen
uhcxpnment 1w only onc  tle to demon tr t
filhng of 1 tronchial vein th t 11 oined the azve
Tutmne na  t1 Sir Russc]l Brock s r marks con
rmnae Rath  th~ about the regulatin, fun tion
of th nfundit ulum an the julmon ry blood flow m
rpCies nd amphts I h 1t o ofsenations to
make vhich lend ddton 1 rdene to th  1ew at
le tan tepetcf th 1w ton sn b jlot s tetralogy

Th cimety tdfour s of Falley  tetraloey with
\ncopal attack  omplt  J6 of onscou nes
occurmin,, 1n tse nd Mt ps cianos  nd § ntees

thout los of consc ou n n the other t o In
f ur ¢ ses the murmur  nd thnll ether disaj peared
Itng ther or bec m mu b f ntr Ml th  rteral
oxyy n s turation drojy d no mou Iy 1 turdly to
ro m on of them In ¢ hmtnc th
}ood {ressure remyncd porm 1 Gt s
mogr totle that a droj m p¢ pher 1 Asul 5 ores t
wis re ponsit] for the e 4 d nght to left
shunt In the most «trem  xample athan
arteee 1 tur ton & 10d tne  yetemc
tlaod §ressure from 100 to 150 mm H by me ns ot
m th dune  but 1his made no dfie enc  wlatever to
th  hy iolopical ituatinn
Th scond ¢b n tion
pulmon tv arterial pre ure puls T llot tetr logy
Tn spme cases the nitaln of [Te ue soc ated with
ent scular systole 15 broptiv Yaltd a d suc dd
ty  systohc trough Tt s u g stelth t th pheno-
menon whch at one tum s thou bt 10 b =an
rt f ct could well te e ult of 1 sudden shuthu~
off of th pulmon rv ¢ rcul fion Malfway thron b
syst le cau ed by funct anal  losure of the nfund
hulym
Gince much has been said about pulmonary hy et
t nsion [ thought 1t would be s 1l to how a tabl
@ 1nz the actual frequen v with  hich an extreme
pulmonary vascul r rest 110 & (10-30 units or 800-7400
dymes/sec fem® ) develops in the chief condition 1o
hih sz b a r action may ocur In cons denng the
frequencs of {his reaction one must be arcful to
smehsde only cases of critical se ety For example
both patent ductvs and entricular eptal defe t mist
Yo tlose oh 1 cm n d metr before an extreme
palmomary  ascul £ resitance b an ch nce of

et ahe form of the

d eloping In thesc and m cases of atmal septal
delect the commumication has been considered critical
if 1t has resulted m a pulmonary blood flow at least
theee times the systemic flow or of course i a raised
pulmonary vascular re istance Mitral stenosss has heen
con idered cnitical of the valte orfice was aroond | x
03 em The d gre of mitral incompetence 15 more
dficult to ases b t cases hace been included as
critical 1f they gave Ise o ceran Symptoms and
climeal features which would have demanded surg cal
relief had 1 suitable of rration been wailable Chron o
cor pulmonile was diagnosed on chnical ground  and
all case with an artenal oxygen saturation telow 900
at rest ha ¢ been includcd provided the Patient was fr e
from acute respiratory snfection or asthma at the time
The table shows the remarkable d ffercnces i the
fr Juency of an extreme pulmonary vascular res: tan e
faserage I7 umis) in fhe e sIx groups rangm, from
ny more than 59 1n scvere mitral incompetence to
57 1 cntiell sentricular scptal defeet Cae of
Eisenmenger s complex atrial septal defect with reverse
hunt and patent ductus with re erse shunt have of
course been mcluded Left ventncular failure has
been omitted from the table only because we have
athetert ed oo few of these cases to form apy idea of
the frequency of tht re chon The number of cases of
primary pulmon ry hypertension ha been gioen for
companson  The totl numter of all these se ere
pulmonary kypertensne case Fepresents 1 3 per cent
of bouf 10000 c ses of cardova cular disease
examined personally by the author o er the past
se en or el ht veurs

Just 1 Fat determines the wide vasation i the
oa ton of these dufferent types of cases 1s unhnown
Th first three appear to be reactine to an amtial
increa e of Aow muir ) stenosis and in ompetence to

nse of left tral and pulmonary venous pressu e
nd cor pulmonal to apo 1a AR obvious unify n,
prnciple that might noderle a1l these ca es 1 the
de elopment of act e pulmonary sy constricton 1
repone fo a mse 1A pulmonary arterial pres ure
Bo e er produced—a wvicious circle mechamsm—but
ths 15 pure pecul tion No thess purporting to
explain acti e pulron ry hyperien jon can be vahd
ho e unless it Iso explams the vam ble
beh 1:ur shos n in the table An inborn tendency 1o
react n th w1y has been po tul ted

Fimally I would like to sho a shde wlustratin
a new tecfqum for measuring the amount of function !
a motor tone 1n any case of pulmonary Iyperten on
o hat this can he s parated from any anatormical
block mn the circulat on 1f approvimately 1 ngm of
acetylcholine 14 mected wnto the pulmonaty arfery 1
the prcwm 1 Jumen of 1 dout le byrelled catheter a
continuous record ¢f the pulmomary ariery presuy
Palse can be obt med by means of the second b l;ﬂ'l
The do e of acetylchaline mmst be such that it s
totally destroved by the time 3t pa s throu B th:
pujmon 13 ascul 1 bed and from trl and m:r
o 15 m,m seem fo be about n ht The shde shous
acon papn fall 1 pulmonary arterial pressure com,
mene ng sath the st heart beat followine the sta
of the ijection Owine to a sleht mse ia tsaeema.
output §om 45 to 6 htwes per winute the systemi
Blood pre sure has risen slightly and o s second 1y
v, of Yeart rate this p
o Jehot me 1% not actin on the system c e cula on
A wholly selecti e action on the pul
3 hg'ly desusble hen wn estigaun.
putmon ny 2 od lators on the pin
p rt of th creul ton

olowy of amy



TABLE
FREQUENCY OF ACTIVE PULMONARY HYPERTENSION

Awal s pral defe t 197
V ne cular septal d fect 101
Patent ductus 133

Mt steno

Miral ncompetence

Cor pulmanale

P maty puln nary hyp t nson

No of | P reentag of emt cal cases

et al
R ncrma.ll Rhgh |R xtrem

E 100 ] 9 16

54 26 17 57

L 45 38 ‘ 24 38

| 72 16 12

58 % | ° s

35 60 ‘ 20 20

16 - ' - 100

Crtcal ¢ ses  for defin t on see text
R =Pulmonary vascul

resstance see te t
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Dr 4 £ GOOOWIN

T hould ) ke to make on o twa observati on
th effect of methon um on th pulmon tv ¢ culat on
1n acquired od cong 1t | types of pulmon ry hyper
len on
In mytral steno s my colle gue and I have shown
that m thon um 1n a dosage wh h only shightly Jove s
the ytme ttralpe ur will canse 4 con d able
£1) 10 the pu\monqry nm.ﬂ p e ve wthont sgm
femtly 1t ng th o d t or beart rate We
T'th " tiongly suggests © of reloase of nearogen ¢
p\ﬂmenary vaso con trctor tone although we nnot
sihcet my e clude the gos bley et (11 n
ulmon 1y arter al pressure 1s due to a shift in
frm the Tu s (0 the system ¢ v scul
nl Atk

B B towvr n ew of the
mu b grm " in pulmonary artenal pre sure than
n system c ﬂ?r L np 3

ue poduced il shemos T att ¢
m thonun £an ke b p oda” ser e tent n
P lmnn ry Typert ton’ due to cor pulmon 1 o

Unce  Bowe t  with congental type
pekm' n sy bVl ¢ nton has. been G po
ampl n p tent thatral eptidfetwih

wh Ly Immnr arter 1p ssue and with a twa

wy stu m g en througl the ¢ 4 ¢

b £ T ied to L the pulmon ry rtert tpre u

Muh futher mok  cqued to decd wh ther th
a n T pon © betw 1 the tne ronp

d 1
folwt ¢ topr cent 1 dfferent tipe of pulm ra
= lay 4 wex

Dr W A BRISCOE

Irofessor Dily m ntoned ny s g
ty =om  that samotor t ot o th

th mh)d
g t

5

Wood P (1955) Brat med J14 1051 1115

occur d was leleolog lly usle to the organism
Th mght be true £ ih Jung we e € enly vent lated

between th d gre s of vent] ton of 1t
p Its som parls have only h it the ent lation of
athrs Sach 4 Ju g w1l 1 nsfer o ygen and carbon
o de most effc ently f p riusion 5 p oportenal o
venti] tion th o hout th' lupg Th would requ
that the blood perfuson to the less well
2 eol be edu ed below th t to be exy
fn on were proy

entilated
st
ton |t th qute ! rge volum of
the ¢ 1l eold Tius ny v somotor acti 1ty ¢t 1ng
e p f on of 153 well entlated al el would
he t1 ologcally u eful New t chn ques of nterpre
tition of m g tud s and artenal blood arnlysu
loped 1 onyun ton w th Dr Cournand m y b
tle to detect u d T perfuson of le= w11 entitd
1 )isnman
There ha ben much dcussion of pul non 1
sy p su 1 hoidlk touttra wamng
Vout samples of pulmonary capllary blood aken
w th a cath ter wedged 11 a small pulmonary a t 1y
Th lloed b 3benyp (d theough the wall of tho
al ey am‘l 1 a_ent]ton pefuson rto about
orm 1 1t annot therefore be reg rded
n‘prr—wm five of pulmon ry u tlood an ¢ mpo

©

Wb alnas en young we used fo 5 t late at n ght
4 g the hgh cad'c output of some ca o
€0 pulm n nd pos ble usefulnes o th
Pt ont At that ame ' Fon's 1 on teleolog cal
Jinton—Anmcese n d4 otput namn
wth arter 1l u aturaton results n m dive of
mo d o n n
Howe r anw usel Ines 1nthshgh card co

tat
™y bet ferrelf m nut e tady of e ul tion
pefuon tox The turton of blond 1

al eolu  hose w U

pemt good dffu on of gase

oc thm dpend (1 present purposes or th =«



tung ealt — (1) The i pied oxvg 6 tenon () the
ventilation perfu 10n ratio of the al eolus (3) the
owigen satur tion of mixed (nious blood Wb n the
entiditon poefu 1on ratio m the norm [ r nge or
hugher {about 10 or mote) the satur tion of mixed
venous blood h s very Little influen ¢ on the saturation
of the blood fexan, n  (eolu  But when the
ventil1tion ferfu 1on rito) Jow bout U1 the satur
ton of mix d venou tlood  an umport nt deter
minant of the atur ton of the 1o It ing an
lveolus

In men
emhy m

with art mal  unssturiton  du  to
therc 1 1« ny wid  an.e of ventlati o
perfu iop ratios  athin the lun, and  larg solume
of ll coll my hwe 1 towhi b around D1 only
thirtt th f the 1110 b the  cll ventilated al coh
When  rdiv outfut 1 e «d t o [arameters af
blood g1 tr nfr oar hin «d —(1} Ventiation
pertuton tins 1o reduc () the atur uon of
mixed nou nrasd In the wo t
catilated  alveoh th nd factor groatly pre
domin tes 16 import n d 1 to  con d it
inr emth sturt nofth blood lea n thes
teoli  nd hen e nothe s tu pon of m d rten )
tood I6 1 tipic 1 (1w of myh~am  doubl ng of
th  wdi_ outjut woull hwetied rtnl ur
ton from 7 o 81
Thu e now see £ 0 1l aloy !

heh rdi outjutin o puimony
ald tme  fect by whih o the
unstgar dtlond &1 d to th U sues

~

1 nation for
There 1 the
roount  at
T ascd

pulse and mean pressures in the systemuc artery whch
sometimes termed the  overshoot  Part of ths
ne in pressure 15 due to chanoes in stroke yolume
but sasoconstriction induced by the perod of low
ulse pesure dunng Valsalia's mnewsse s also
responsible This period of y1soconstrichion follown
Vilal as mineuvre can be demonstrated by a fall
n foreirm blood flow mea ured by vemous occlusion
plethysmography (Sharpey Schafer 1953)

The systemic_artenal pres ure was compared with
the effectine pulmonary artery pressure obtamed by
4 difletential manometer record ng the differtnee
betseen th  pulmonary artery pres ure via cardiac
catheter nd the intrathoracsc pres u ¢ measured rom
a_vater filled catheter sitmated 1 th  oseophaon
(Domhorst and  Leathart 135} The systeruc
re pon es have already been m ntioned In the pul
monany arters a similir sise In pre sure also octurs
follaving release of the Va) 1ya manceuvre {F ure
1) 1t dffers from the brachiil a fery responsc mn th t

Fogure 1

And there 1 no  anoth r pulmonars effct byl h
@

th ty ) ovsg n < tur ton of th }eod + in

Dr G de } LEE SLPORE TEAD
i
Drd Burgh D iy ha i 2d d opnon rc, rding
the [rescn € of vazomotor 1 tinity 1 the jutm nan T
scular  vstem 1nto three group —1 the nhibst A S
who on ider the v ¢ mto be a pas hnn tho;e s
who onjdtrth 1 omotor civty thou h p sen n
ve tig | and obscured by py ne chanor wthn Ly Ly o ATy, "
the pulmonan ascular s tm  nd § thosc who i Rerrini
bele o that asomotor hange [J 4 an actng p rt s

He h ho n conclu ne
ontrclled nm Ie pe iments
g oup 1 should lke to

n pulmonan homeo ta
e d nece 1th norou by

am e \AFIER LE

to_upport the” act it goup I ) g
me dat1 obtaned  th Profcssor Sharpey , on

e o 5 e (1ohe) ot S Thems  FPgwe | The eflct of Yalsaha s maEEA) and
Hospita] from human tudic wh h nlne me to brachul (B4) eflectine yulmonan frten {0700 S0,
hold an op mon of tentat e estigialh m intra oesophaeal pressure (O n)! There 1 gl as
It  difficult to reach d finte con fuson  bout T @ bac‘};z“\:)s a;u;rgolxgr:;;um grEAE he p 1
the o of pulmonars res fance change m mn  manewr Ths 8 2l B TEAP My

\ble ta contral or mea ue
olume We therefore compa ¢d  stmultinesu
pressure measu ements ¢btuned from the 3 temic
and pulmonan arteral sy ten uider curcumstinces
\ao n» to produce buious systeme oconstriction
Th use of Valsal as m noeu re 1 a con enent w y

mpao

to do thr The brachnl arted p e sure changes are
tha acters it Dunng the period that the ntra
thor cic pres ure 1 rased while Valal 1 manceuvre

15 muntamed there 15 An mitrl squee ¢ mparted 1o
the thoreic aortr wh h p odures 5 short Ined sharp
i e n the arteml pressure Then as heart fill oo 15
impa red the stroke olume progre el d reases
228 pulse and mean pressures jall With the release
of the Lalsala the mpairment of enous efurn to
fhe beart cetscs d there s rapd nceaey t oke
volume Ths s associated w th a marked nse n both
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dzpe:rgem of g Dohon blockade with TE
- —
o 1 maked and the phase of

and pulse pre_urc
ts the mean snd pule pre tee

ralse pre sure chan
re prration  Iso affect g e
wer n expiration o
tﬁ:fe ‘:‘;\ax\gu sugnsl that strohe output :hzh s are
the e ent chefly concerned with altenn the r?nm
monan a t Ty pessure As the trohe \orﬁmd ¢ ot
be measured or controlled it was dec c‘ .
alternative to block the poss ble - asoconstrictor ¢ &
also present by usmo Tetraethyl ammony ?« S
An imtravencas dose suff ¢ ent o aboli b post b 15, 2
soconstr Cf on in he sy feou astery nds el 0
had v tually o effect” on the piimonsd, 2T
presure hapoes suege tmg



E=v Eet. ouwetl
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bove
cord obtamed da no 1 ath hold g AMt¢ N\ O ohalaon Flethysmograph pressure a

Mtuea change | CG  hown belo Flthy mog ph nt d toatm phenc pressure at th
arrows

trimntng 1h w frthrenfmd by milr
at occurnng m rght tral fitl ng pre

W th forec nclud dthat nn malm  troke
olum change p p drate 51 nfluencng th pul
mon y atri pre u  od that asomoto (1 1

a  not sl nth  tn o pod e chne
T ot i e ke hnq  dscried

n tm s well te that when the p Imopay t )

low p tefo hgh

3y |rm by dscase th asacon t tor eflcets

L(-o my t t Th would e plan the 1 % of
nee moornoml uby ts comp d with th
c«m s of 1 ametho wm m L wenng putmo
RE th 1 Dr Goodw n has | & deacr 1 d

omp

m |ulmo n Tton with th ppa nily 1w
of vsc hir tnity 3 t dmo trated at |
t pre me tht the 1 Tat1 ol biod
T thia gh Y om pulmon ny rtery wo 1d rema n

ploin e pliwy svetem
R ently b 1) Comroe  dprtmnt at th
ubo's and 1 wer

bl t t tht hypath B mar tonof x
j ) Jtows 0 dit hoguefor me wnglng 39
118w 1mnto tlowint tin u flo o 2
tal ¢ lul 12 (Lee and Dubars 1955) as,

1 Anqu oqu ed that th sulject st in S
o1 gy ;l(h\mkrph Th dff rent 1 pres. e o
betw th

mlr ompensat ng

W qared ¢
ue et aail tho 4 dy
Plth g phecfree fommow it f t E

tow
Tml gttt ubeets LCC AR o tral
per 1 Lot tonk 1 eathoof 100 mto
ol PMhat howthth gII open
g bed fom th 1 ngs into th blood
fiow g th uh & puman cpn the tot |
olam of g tes ungs nd b
71 thyemogt T pe<or drcre wed prod | a1 10

Pl thymog phpre se Th vcont ov rod ol
@ 1uptk wa oit nd (Lo ) T om
Thea® <mpl’ nlhnow g th sol Uity of
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~N O blood t1

ntant nou p lno ary capil 1y

blood flow rate was caleul ted (F gure 3)

Th  apitlany blood flow w s found 1o be h ghly
pul 11 At etth peik blo d flow t was the
region of | 5 Itre /mn_ Th s occarred at the tim of
th Twacofthe ECG Th slow t blond flow rate
occuer & m th regon of the OT nt nal and

€ eac ¢
T

A ‘
o) 3 .
st oup

Egur 3 Intntnou plmonn cipll o Hmd
n

» toat st
Lie nily taken

nt dit e et
th Rw cof th F(‘Gfshn»«n

bel w ch flow cur  Clowd wnt n
tnt a Ut h 00t sec fam fo
weaut Rt ooyd  Sotd | p wnt th

g tatino

fu ¢ Dottdl  repoesent
te

mone 1 outptpe m



about 3 hitre /mm At r moderate exer isc the
flo rose 1o pgroxmatel  $ ltre /min
flow rate bemg tout 6 htre /mun

est en rmous ch nmt in flow rate with each
heart beat su cst that th pulmonan, capillary and

Tk
the lowest

rterolar s tem mut e eny ea il 4 teaswle
whether this is pa e or d pends upon  entical
OCHIN, Pre Ue f man tobe det rmned The delny
m POk Gapill o blood flow to the regom m
with th T vav 1e when th pulmomn « 1o
Jjutclomg 4 gr umably due to the elastance of
the viscalar 3 tem totw n pulmonin valhe and
Julmon v ymiliry

Owgo ugtake by th luag v off cted by the
yamitfe ¢ pallany blood fles and ats eptake from the
Tunz 1 Ao hihly juls tle tLee and ~mple 1955)
Lhe j7 st (nept ¢f g1 dfia on nd scotitation
perf on 1t nhy vithin the Jung  hi boan the
{ thw  ~umd ntot apll ry tHood flow  re
IR ficed nd th re ben,
tat

le
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Dr W WHITAKER

Department  and 1n the

n Shfheld Dr
ith on emtal and
amined th an torm

Working in Dr Bro n
Ln sty Dep tment of M done
H ath and [ have tud ed patient

nd

cquir d heart disea .

T hn inthe pulmonan blood es 1 i relation
€ p lmomas srten blord ; uw W bhue found
a v oci ton

When the pulm nary artcry mean blood pre sure
arc morm | or not over 50 mm Hg the pulmonan

medal hypertrophy and subintimal probferation of
£bro s tisstie ¥ ath ‘occlu 1on and tecanalisation of the
lumen Artenolar necrosis 13 octasionally found in
assoceatian with scvere pulmonary hypertension (slide
shown) The final slide shows an umusual feature
oberted 1 a patient with ventricular scptal defect
complicated Ly  severe yulmomary hypertens on
throughout the scctions aneury sms appeared from the
s af the muscular pubmo artenies shown on
~r al section to be ancurysmal dilatatsons of branch s
af the arteries
In paticnts with severe pulmoniry by perten jon and
extensive pulmonary vascular d sease the signs of pul
monary hypertension dominate the ¢l nical ficture and
¢ mav weil be ampossibte without specialised mes
ubations to secogni.c such underlying | siors as atrial
septal d fect ventn ular septal dcfect patent ductus
arter 6 u or mutral stenoss of to e clude 1diof athe
pulmonary hyperten 1on It scems reasonable fo sp
et that such patieats with severe pulmon: Yype
ten o0 havin  simglar extensive char cten tic pul
mon 1 va cular abnormalities should be recoemsed
P uffe g fom  hypertens: ¢ pulmonary z.cular
seae

Dr D V BATES

To a chmeal mspiratory physiolomist prorotatise
marks and ideas have been shot into the axr today
ke clay pigeons and 1t 15 hard to kno where t0
hoot frst There are hovever four points worth
mentiomn Tust  Profes or Mcllich el may be
nte e ted to kpow that the chapge i pulm>nary
blood volume 3 th posture that he mentioned has
been sho n by recent s ark at 5t Ba tholomes s and
n Philad Iph a to be due 1t ] 1st 1n part 10 an actual
wcrea e 1 the oume of blood round the alyeoh
sccond T must tahe 15ue  th hin over the actual
volume of blood around the atl eolt at any one time
He mentioned a firu ¢ of 1 of a Litre of blood nd
contra ted th1  1th the fi wre of 60-90 c ¢ obtamed
by Rourhtcn 1 1945 A recent report of Rou htons
orh ha shown that 4F ¢ order of <sror 10 hus est mate
of 60 cc 1 small- and at the moment I think this
enden ¢ to be preferred to that supfortg a foure
of 750 cc Thirdly I think 1t very mportant to
d ungmwsh carefull” bete en pulmopary hyperten on
diferent mechanisms Ve h e recrmg
an opjortun v o tudy a patent w th pnm

rimonart crten on with 1 very h~h pulmonary

vess 1 acuu Il normal VWhen the pre ure 1 of the
order 5070 mmHg a meba js found 1 the ang ed by
pulmonary, arterioles and this ne egard as the funda
mental feature of p hyperten on

Thi frst 1de shows four pulmonary rterols
¢ 1 lkss th n 100 u 0 d amcter) from a nocmal
pt nt nd from tiree pitient w th moderately d?usx n

W

seve e pulmonary hype tension The norm ! arterole

no meda the all on tn of a ngle elastic
oy bt cn 2 thin d entta and muma  th

1on 1 nd du ) mus] el Th other thre
art coles (dop th  pulnonin hypertn on pe
ure 0 mm paitent du tu arte u  prissure 65
mm mtral thes pesure 74 mm) all ho @
d gnte med  The muscular pulm n r artere (10U
to J000 u) from patients th moderately s v fe

monary hypert ns un Usutllhy  how m di | hvper
li::)lph\ I amrab oral mours of wh at Tl Gros
fissue but these chanpes are 0 t so conswstently found
2 th abnormal mcdia 0 th pulmon 1y 2 terol s
vere pulmonaty | ypettens on here the pul
pre ures ajpoa n or exeed th s tmc
Jres ure | the pulmon 1 ve wel a e g osshy abnormal
he atte oles and muscul r pulmon ny  rter

18

pul y
© Inti pitient there 3spo brormal
i Pbuses ‘o chan ¢ n palmo ary 3
h. with mtral stenoss and sou
Salie thae m miteal Steaocs the pulmonsy
capillary bed lies between the obstruct on and the
noh vestncl o herea 1 pnmary pulmon o hyper
t nsion the le ion 15 s tuated bt een the capiiary

to me
the entrncle The e d.stinctons seém
ot und s ha e not be n Subcent's

lung stffness and
Conur st 4

ertant _and perha)
:mp ; F:‘xlhpon lihe matter of tte ob:er\aug:
that_pulm nary capillany pressur oy exced O
cotc plasma ;s ure W thout pulmona ) ofd &
WWith my colleacue Dr AMcllroy  we h\\ rﬁ. ec nnd
measunng the physical [ oper:;‘;s“ D‘i’:achadﬂ e
moa
the diffusing ¢ pacitvy L man e

g wumonectomy He w2 w
r hour without tres
funs was be omin, p:]omssxmelyvi;mer B
ten nce of a normal m nuf s
s n was stead Iy falin These are the ch ng



of d elopng pulmonary ovedema Yie stopped the
Sreadmil " the ;Fahem eathed back to b char and
ther was at no time climc 1 e idence of pulmonary
oed m menti n this patient to illustrate the
possblty that gnfic nt tran udation may oecur
ac oss the Jon_cap llaries without this being cim cally
obvious as gros pulmon y oedem:

Professor MELVILLE ARNOTT

Emphas  was placed on the f ct that th elevaton
of pulmon y capillary pres ure fo a level above the
oncotic pe U might not be a my teron a it

ppears It must frequently h pp » dunng state of
pulmonary aedemn th t the p sure 15 1 sed well
abo e on otc pre u e for prol nged p nods and th t

consde ble amount of protent h fiuid escape into
the 1 ol Only a i ction of thus 12 coughed up the
m nbulk of th emoved a the lung

w T
nd fymph Voo 1t ught w 11 be that the mpo t ot
fcto usng severe pulmoniry oed ma s a gradual

oration of th lung lymphatc n therc p ¢ty
1 rmoeflnd Ind d there mght be the develop
ment m the | g of a sort of ch onc ndurative ¢ t
som what an logous to the jymph oedema th t oc urs
n the \ tem crculaton n i th
Io lmb anit fin s

Sir RUSSELL BROCK
1 v\euld Itk

to congratulate Professo Liebo on
th heh b showed us o his add
Those'of us Who h_ckn wn h3 work have dmired

e
Th s one aspect of h s demon
ond ry pulmonay 3 & m & comman
tio  that I would lke to dscus He indcat d that
such second y commun atons may b of mpa tance
m regard to th  as ularsation of the myocard um of
th ventncles n ¢ es of myocard: | sscha mia To
supgort thisle dscibdcrt niormsof ne s Is
whichteh olse  dand demonstrited Th
arely of th secondry ve sl f maton whch he
efered to only b fiy nd wheh I would 1k hm
th form tion of d ct n stomosc
between the ve e of the e co on 1y
sel on th u fice of the entricles He nd  fed
thit n operation of ¢ do-pn umonope y might be
of on drbl alue n provid g u ful and m
potnt sccond y blood s pply fo the dsased
voc rhum Ths  ob ously a matter of fu da
n t1 mport e nrelation tothe p nt ttenton
th tisbeng p dto 3 ge imethod” of mpro 1 ¢ 0
migt gc o of u
ope 1o th hart and lung Ty e obeer ed
a £ ote 113 obse ~d mysel To
n of p Imonary steno<s nd | wwticu
m o2 of
3 the presence of the'l e cull\l(ral < Teutation
only 100 o ou M sth sonc
Wbk v w 0 op sation 1 g perform d n re
th adles  bet nth ch tw il ndth I
fall of g set ‘whoh bleid 50 frecly wlen th y
d ddthttheptintmybe smngu ated d
be nxesny to b ndon the operaton Mow
R, ot been m D nee to of £
« 1 ton hetween 11 Tu g and the
e bt et Professor T cbow descnbe 1

tna
Tt
free

et
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the retroc rdia¢  an stomotc 3 ssels which he
emphast ed and which re symlar ;m character 1o the
ana tomose between the Jung and the chest wall That
s amastomo ¢ between the coronary ¢ rculaton and
medsast nal v sels These vessels he d:splz)ed ol arly
and pre ely m all hs spec mens He did not show
qu te so cl arly howeser the vessels th t occu between
the surface of the lung and th surface of th
entrcles I ha e re op rated on a consid able number
of ¢ ¢s of heart di se both cong n tal and acqu ed
lesions such as mtral stenos and I have faled to
abserve any vasculan ation of mportan ¢ 1 adhesion
bet een the su face of th heart nd the pencard um
ar che ad,acem lung In fctitis my p ctce when
ngonahart cacasafi tsteptofre the
whate ol the he rt from th p ricard um in o der to be
) pply cardac m sage eficently
pro e n cessary In downg ths fre ng
diid f>_ mstance a coomary es 3
ble dn;, Thre 1 no evidence of new
addit on when I con lude » operstion o the hea t

1 the pencardium loosely o that apcrlu(es rem 0
At reope aton the aperture il pe st can b
i oheogn " d and theoogh them th T co of th

hea t 1 n drect cont ct with the lung t
1 would emph 5 ¢ that 1t 3
ascula conn ctons acro

p oblem th t  omes m

¢ Agai
not u ual to find any
ths spice Tht s th

Professor LIEBOW

JWhen Sir Ru Il Brock repo ts on an op
d n that appea s ncompatible w o th
P ments that ha e b en rted he must be g
th' clo t ttnton The transperic da) ollateral
w r not emphas sed dunng the pre nt ton s nce th
was the xp ted findng 1t was the demon tration of
the oll Cral that was ot expect 1
nd that was therefore presented im great
In his op ton on man Sir Russell Wi deat o=
et w i norm 1 Tan s or wilh 1ngs 1n ahch €
oll teral blood supply h d Iready b com
Tish d In th prsent vpenments howe e
monary artery © Jgat d at the tmof th
p y und ths  reumstances the lung at
Gne ‘becomes a very biood thirsty 0 g A past of ihy
th n fth nomtbron hal
! Lepph from th lim the remunder come
fom th esel tht fomd as
7Rt Lo ¢ su W thn adn one Tn b us of
tm thes <nl ge geitly to the s e of artenal
1 nd the mcroscop st u te com
DL Tt e o o i sue and Tusete as
would be expected of
lar The actual tran penc;{dal
2
Pt © mately 1 mm Num
Tt af th h ares thus teated
dopnew sonope 5 after [ atur of th puimominy
) 1 ger than thos fou |
mp!  whan the e
lo form g anulation ts.
n)rﬂmn of ilica du ¢ “Untee G et
mall 1o be nyect d with th 11t
ton fihec t
Tt sstpr oog that nth pr
w14t of blond from he: con £
ton to the coron rv wa d ma
£ meht be pected, um th bload
oron ny t e hat n'ih cal ecals

» 3 cros sect onal

diam t of e

e sels w

by
tery
nodmn

xhes on P4 e

ces they
¥ q
e



Th 10t res onable explan ton s that the pulse
tesure w i the qwo arteral vstem ar eby of
hse

Professor WALMSLEY

Si Tussel Broh ha m de refrene 1o tre
presence of the bulbu  ordis as a separate chamber
of the heart un fsh and in connectron with tius 1
hould Uik to m ke t o rrmark  The first 1 that in
many Telcostcan fish the bulbus cordis 15 largely sup
pressed and canmot be sdentified as a sepatate chambe
coincid nt vith tht suj pression there 1 a remarkable
develop ment of the elastic tissue of the adjacent part
of the entrl orta “eondh that Jun  ubjacent to
the myocard um f the bulbu cord  of cartilaginous

€sh there 3 a  elld fined lumna of ela tic tissue
whch whn trucd headuard  becoms ontnuoy
uc of th  eatr 1 on

th the elastic t
In the examin ton of foct )
he ¢ I bave ne er been able o 1d nt K the nfund:
Tulum as  well d m rcited jart of th
tr le but I hase noted that t intertor s
hich s in tnhing contrat to the tr breeul ted n
t 0 of the rght sentncl § oper

nd  dult homan

Dr C M FLETCHER

1 have a question to ask and a conment to make
about Professor Gou h's paper

The Quest op—How can a fibrou mass occupy g
not mare than o  thrd at the most of the lungs
produce pulmonary hypertension no matter how
e er h aflected ar the vessels i the mass i ay
appears to be 1n om cases the rest of the jung
almost normal?

The Comment—P ofessor Gou h told us that the
SUR for  Mivocard: 1 degeperation 1951 was 186
tor coal hewer and getters and 110 for other mne
worhers but these figures cannot be assamed to ind:
cate an occup t onal or gin for the excess mortahty of
these workers for ther w es have an even hgher
SUR nmeh 11 nd 179

Professor GOUGH

In the obstruct: e { rm of pulmorary hypertens on
in massi e pneumocomo 1 the blood vessels 1 the
masses may be dlmost all dest oved but the man
essel [ ading to th masses nOU only eman patent

but & dilat @ Th r ht heart ha thu the mechan:
al disad anta e of mantam nx th column of blood
acasnt ons 1rabl resstaxe a onh a ery small

proport on of blood pumped :lo these essels can fing
a peniph al way out

With egadtoDr Flet he  omment un the death
ates m theme wa that th 1 ha been a relatse
4 t noration 1n the expectation of hife of co | mmer~
snce th b gnng of this ceptun when compared
with other male occupation and 11 an be of httle
comsolation to these muners if they a e now mearly &
badly off as ther ushealthy wives (SMR 1951 All
causes He ers and getters of coal 153 trew w1 es

148 )
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I want to muke a fen remarks about pulmonar
hypertension in Egypt caused by schistosomiass The
032 of the Bilharzial worm feom the bladder region
pass to the lung and are caught in the artenoles of
between 50 and 100 u Thes penetrate the e 1essels
froducis  an ipflammatony Teaction with endarienus
and otten 1n addition an apwiomatous formation We
ued to think that thee an oma ous formatons
connected the occluded vessels with the pulmonary
vewns or the bronch al artenes Lut I sce that n the
d monstravions here Dr Bird has follawed up simlar
ang omatous formations 1 another condition of
pulmonan hypertensio 1 and has found they snterrupt
the pro imal and distal parts of the same essel
One (f the charactenstic features of our cases 13 the
penpheral oligaemia as seen in the \ rav picture
The vess Is from the hilum to about two thirds towards
th  perphers are secn to be dilated and then the
<esssl markings dsippear This would seem to
nd: ate that penphera) to the cbstrochion j oduced
Ty the mflammatory feaction no blood 15 fowmg
\s sam¢ speaker pormted out a htile nhile ago
It seems strange that 2 Jocahsed le 1on hike the ones
we observed could cause pulmonary hype tension In
many cases the Jesion produced by the Bihar al ova
se quite nidespread  nd 1t would seem understandable
that n such cases they would produce pulmonary
by rtn on But n other cases the 1esion 15 a Very
lumit d and restricted one and yet even n thase cases
some degtee of p Imonary hypertension 15 very often
present This ra sed the possibility of some functional
factor plaving a role so we embarked op the foliowing
experments We njected between 23 and 30 me of
hexamethomum by cardiac cathete 1nte a branch of
the pufmonary artery and noted the mean artery
presss ¢5 befor and after the adm mstraton Aftér
hexamethonum the pressure d opped cons d rably 10
a fes minutes sometitues droppin, from as hgh as
%0 to as low as 3 or 30 mm of mercury In vormal
control the pressure drop ped irom an average of abauf
13 or 15 mean artery pressu e to 3 or 9 or 30 mm of
nercury It was ob 1ous from this the efore that m
the cawes with pulmopary hspertension ife pes T
was partly due to a stuctural narfovn  but mo° Iy
due fo an_ncrease 10 the pulmonary asomoior fon
The poss bility that changes in the Lardiac output ha
caused this drop was muled out by the fact that very
I'ttle chan,e f any occarred m ire cardac outpu‘l
Thi corresponds with the wo k of P10 esso M\ hael
who also showed n some pafents that the 1n <tion
of tevamethonam dd not bon  abost amy chan &
of ¢ diac output althou hit dd bnn  bout a dm;:
of the pulmonary _stery p essure We are at prescnt
inveshgating the nawia present in those pat ents

ulmonary artety pre su e
" &ﬁﬁi‘ P would tomment on the Cha man s
senath this mo mng that Servetu i \h: 1(7‘:;; i "
was the first to describe the }5“1?:302; & Satan 12
d that an Arab phve can
u)monary wreulation
Q that & vetus had

Physiolem, 10 Pans showes
1bn al Nafiss had descabed the
a the 11th century and su et
Lnown ths work

Dr K W DONALD

t th t Profsso
% Dopaid pomtd out th t PETO,

Dr h
AI M chael s contention that urdere

w



with ¢ nos would occu with anable nd pha ¢
alteration n pulmonary capillary flow was not neces
3 Iy tru as such ch nges m y not alter the at ola
ent lation perfu on rel tion hp and that n any case
ppopriat  ch nges in loal  entilation my 1o
occur H  abservation th t r cent e t mate of blood
‘ol me in th pulmonary capll ne were f r greater
1h n sugg sted bv T ov htons ¢ leulat dfi ue could
ntbe a aunted for by tnvok ng that part of th
¢ pill y bed whre under normal co dton  Imost
complefe gaseon equil brum h d been eached and

no g gs echoge wa tabing place In
affu on studc uing arbon mono d - the ga
tr fe occurs o the whole length of the capill 1y

Wthreg A to Dr M unce C mpbell s intere t ng
ob v tors concermng the con d ral i on
putmonary art al pre u e after mtral 1 ulotomy

mport nt to d £ how much of ths was dn
to £ 1 of pre u _n th left s 1lso
tlrtly 1t n that the nght entr le of mam of

the ¢ p Lents fter operation was donw con_derably
moe wok as the  was usually som
decrease of pulmonary artenal pressur  the ¢ rdinc
output was far g eater th a befo e operat on both at
rest and on xerei e Furthe the e patient were able
toe rtth msel s ons der bly throu hout th day
Dr Donald also stated that he f It the tmportanc
of the direct 1 ft atri ! pre suc reco dn s nd the
companson w th wedge pesure had not bren
appreciated without such e idence
pre uces and all estumates of pulmon 1y
¢ tance usin ths + lnes would man
y little
There s s one hipothesis concerming the mport
anc of pulmonary v so-const 1ct on 1 d stat
that had mot been mention d It as po ible that
muscle hyp rtrophy of th vith abnormally
m ular pesures my cause a dgre of
2ocontricton that ould nt b po I

ftects
ntheh lthy | oo

Studies Of Left Aunicular Pressures In Man

3

The position of the left auncle below and
between the two main bronchr makes 1t easily
accessible to puncture through the bronchoscope
We have already done this on 157 patients with
out any resulting complication In the first place
the mvestigation was undertaken m an attempt
to distingussh between mitral stenosis and mitral
mcompetence and alo 1n the hope that the
findings might provide a pre operative assessment
of the degree of stenosis Only 1n more recent
months has puncture of the pulmonary artery
and the aorta—by the same method and at the
same time—been made a routine procedure in the
examination of mutral disease

ur chinic has been something of a general
pool for heart disease but there has been some
sclection masmuch as the patients were referred
for possible surgical treatment Apart from this
all patients with mutral disease had a left
auncular puncture except for the occasional one
where mitral stenowis was assocated with
pregnancy or casily nduced pulmonary cedema

The use of a needle fived to a Jachson suction
cannula and connected to a Hansen capacitance
manometer has already been described {Allion
and Linden 1953) Smce then thicker polythene
tube has been used between the cannula and the
manometer with a reduction i the number of
artefacts but attempts to do away wath the tube
Altovether <o that the manometer was attached

R ALLISON (Radclife Infirmary Oxford)

directly to the cannula were unsuccessful because
the apparatus became too heavy to use with
accuracy If the tubing 15 allowed to oscillate at
all marked irregularities appear 1 the tracing
A few normal curves were obtatned by aurt
cular puncture of patients being bronchoscoped
for bronchial carcmoma Senes of traangs were
then taken from patients both fibnllating and in
normal thythm with mitral stenosis 1ncompet
ence or with mixed lesions It seems possible to
draw a few deductions from the studs of these
157 curves done so far
Although the general shape of the curve may
suggest erther stenosis or incompetence no
reliance 1s to be placed on this Any conclustons
must be based on a mathematical analysy, of the
curve rather than on its general form In thus
patticular the formula for the mutral value
Pv—Pz
Py
as suggested by Linden (Allson and Linden
1955} has proved to be much more reliable than
the analyms used by Facquet (1954) or the
formula suggested by Wood and Owen (1955)
Linden < formula has been brought up to date on
this senes and m only very few patients were
the operatne findings at vamance with the
formula In these record there are occastonal
example 10 which the shape of the cune sug

x 100



gested regurgitation but which on analy<is
indicated stenosis and where operation confirmed
the result of the analysis Similarly one or two
tvpical looking stenotic cunves proved both

on analysis and at operation to be regurgitant It
1s wrong therefore to speah of typical stenotic
or tvpical regurgtant cunves from the shape
alone The relation of the curve to the base ne
1s all important

The second deduction 1» that the most
rehable cunves are obtained with the slower heart
rates This 15 i agreement with Facquet (1934)
who suzgests that the heart ratc should be kept
below 100 1f posable To achiese thuis digitalis
and morphia ma\ be necessan  atroptne should
be avoided and probablh most mportant a
close relationship and understanding should be
establiched between patient and operator to
reduce fear The bronchoscopy <hould be per
formed genthy and smoothly

The third deduction 1s that the diseased
mitral valve 15 not always ether stenotic or
mecompetent  Dunng most of the acles a
ctenosed vahe mav be quite competent and then
dunng one or two beats regurgitation may occur
This has been observed onh m a fibnllating
heart and occasional ncompetence masv  be
apparent after a long diastole The phenomenon
15 certainhh influenced by heart rate and the
findings on the tracing can often be confirmed
by the finger in the left auncle at operation

It mav be smd that the diagnosis of mitral
stenosts can usually be made faul accurately
by other means without the need of left auncular
puncture Thus 13 undoubtedls true but there are
occasions 1n our experience when this has not
been so 4n example s D G a sery fat woman
of 44 vears who had been a nursig sister now
bedridden from breathlessness She had had
numerous attachs of heart fatlure and two large
hzmoptises She was very ecianosed the heart
was greath, enlarged and the only consistent
abnormal phv=ical sign was a systohc murmur
at the apex If 1t had not been for her own
msistence on strgens she would never haie been
sent to the chme By bronchoscopic examination
her pressures were found to be —Left auncle
52/32 pulmonary artery 87/>2 and aorta 180/
120 m cms of water This gate a  mutral
value of 31 which for a fibnllatng heart
meant stenosic At operation uncomplicated tight
stenosws was found and a good <phit back to the
nng obtamed at both commussures with no trace
of icompetence

‘The relations of the left auncular pressure to
pulmonary  artenal and aortic pressure at

bronchoscopy  and with an open

later

thoracotomny were noted 1n this and a few other
recent patients This work perhaps ments
comment even at this early stage (see table)

DG 44 years T ght mueral stenosss
Pe ur i ems H,0
Left  |Pulmonary
aurde | atery | Aorta
B oncho cop e 3z LA 180
3 57 10
Open thorax
o, e e
comm ssurotomy 13 43 3
Open tho ax
i wla|a
commussurotomy 1 13 33

In this patient the anmsthesia and the
thoracotomy lonered the left auricular pressure
appreciably the aortic pressure drastically and
the pulmonary artery pressure not at all After
commussurotormy  the Jeft auncufar and
pulmonary artery pressures fell to normal without
amy improsement of aortic pressure

In another patient a left auncular pressure
taken through the bronchoscope was 60729 and
at open thoracotomy 50722 which represented
very httle fall 1of any In thrs same heart a pre
operatne pressure i the pulmonary artery both
at  bronchoscopic  puncture  and  cardiac
catheterization was 160/80 faling at thoracotom
to 90/47 wkhereas the aortic pressure fell from
130/90 to 64/41 It seems that if the left
auncular pressure 15 high from mechamcal
obstruction 1t 15 mot grossh affected by the
influences that may brng the aortic pressure
tottenng down with or without a fall of
pulmonary arter, pressure In short the higher
the left auncular pressure the less dependent 1t
15 on extraneous arcumstances other than relief
of the mutral obstruction One patient with a Jeft
auncular pressure of 26/10 had only vers mld
obstruction and hus pressure fell from ths to
6/1 at operation without any fall at all m el}her
aortic or pulmonary artery pressure A corollary
of these findings 15 that deductons drasn from
simgle e~ttmatrons of left auncular pressure with
out relation to the conditions under which they
are taken are as meaningless as those taken from
amilar observations on astenal pressure which
35 abont what we would expect . ;

the very few observations made so far
andofl;r obvions reasons these have been confined
to patients wath mitral disease hoping for treat



ment 1t <cems likely that the left auncular
measurements made by direct puncture bear a
close relation to the pulmonary wedge pressures
when the left auncular pressure 15 high It does
not follow by any means that the same apphes
when the leff auricular pressure 15 low These are
problems that need further mvestigation

Another question of interest was whether the
pressute 1n the Jeft auncle at bronchoscopy gave
any 1ndication of the degree of stenosis The
answer to this was likely to be somewhat vague
masmouch as the estmation of the effective size
of the rmtral onfice at operaton could Yay mo
claim to accuricy The vanation of the flow with
the fourth power of the radus greatly increased
the maccuracies of estimation of the size of the
opemng Without being able therefore to present

a senies of figures on an elegant but deceptne
graph one can still say that the highest figures of
left auncular pressure indicated the tightest
stenoses Certamn 1t ys that with typical signs of
mtral stenosis no matter what the symptoms
there 15 no tndication for operation on the vahe
if the left auncular pressure 15 low The posst
bility that 1 such patients the symptoms have
a psychological basis or anse from’ pulmonary
disease and not mutral obstruction must always
be carefully considered

The relation 1n thas senes of the left auncular
pressure messurement to the Jymphatic flow from
the lungs as indicated by the fine horizontal lines
m the costophrenic angle s being mnyestigated
by Rossall and Gunning and will shorth be
reported
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Vasculitis In The Lung
A C LENDRUM (Department of Pathology Queens College Dundee)

The understanding of the pathology of the
fung 1 cases of mitral stenosts had a curously
static history until some 15 vears age Tl then
1t was httle more than tenous congestion and
brown mduration Then it came to be reahised
that the distnbution of the hxmosidern
contaming phagocytes 1s sometimes stnkingly
focal (Lancet 1952) and this led to a fresh
itetest 1n the pulmonary arcalation Next came
the observation that i some cases of mitral
stenosis the artenes show changes recalling
polvartentts nodosa and close on the heels of
tus_cardiac cathetensation arrned

tis socalled artentis ments attention
because on vur conception of this condition will
depend  some  of our speculation on the
pulmonary arcolation Two maim hnes of thought
have anstn Ore group regard the changes as
compa able with thowe octurnng m mabignant
byperten ton since the changes had been obsersed
m ¢a3 showang the morbid anatomical features
of pulmonary fvpertension The other group
while admitfing the presence of hypertension
regard the histolomical changes as more closely
resembling those 1n polyartentis nodoa This

tmpasse has stimulated further study of these
and comparable conditions and a new viewpomt
1s now offered

Furstly 1t may be noted here that the lung
showing  artentis  or beiter vasculosts may
have no focal hemosiderosts and m one case 1n
which both abnormalities were present there was
an abstnce of vasculosts onlv in the regions
where there was obvious focal hemonderosis

The vasculoss 1s seen as a deposition of fibrm
m the walls of the pulmonary artenes ranging
from 4504 down to those of 50;  These sizes
are measured on myelhved artenes and arterioles
bat the affection may well have led to widentng
To summanse my wnterpretation of the changes
fibnnogen enters from the lumen and fibna 1
deposited under the endothehum Wherc the
mtma 1s thichened 1t 15 possible to sce a prhing
up of the fibnn on the 1nner side of the nternal
elastic famma n the same way as Amtschhow
(1933) noticed wath the hpoids 1 cases of
expenmental hypersterolxma  The fibnin then
appears to break through the elastica traverse
the media and agam be partially held up at the
«vternal clastica with the result that st may



pread laterally for quite a distance on the mner
side of this membrane Finally 1t erupts through
and fans out m the adventitia One presumes of
course that the substance that spreads 1s
fibnnogen the material one observes gives the
staining reactions of fibrin (particularly by the
prero Mallorn, method) In <ome of thé affected
vessels there 1S now seen a gathering of cells
many of which are polymorphs very few are

FIBRINOUS VASCULOSIS
Infarction  nd tor ior

Mol gmnt hyperten on

Drug mduced ascular d «

Fositly 1 1c ! pohv rt ot

nodo 1

Stat ¢ type
Hyp tens  type
Hype ergic type

eosmophils and some are recogmsable only as
nucler which show extraordinary elongation and
distortion to tadpole forms or angled matchsticks
These distorted nucler are a very, unusual ind
strzhing leqtare

Studs of a scries of other vascular lesions has
led to the discovery that a similarly distributed
deposition of fibnn occurs 1n cases of drug
induced  vascular  discase  (hyper ensitiuity

angutis  Zeek) 1 the ludnev of malignant
hvpertension and 1n tissues that have undergone
mfarction or torsion The pecuhar nuclear
distortions noted 1n the lungs have also been
secn i all these other diseases As it stem clear
that an identical histological picture can be
produced m these different diseases granteqd that
the mamn brunt may fall on vessels of different
calibre in the different diseases we can now
regard the changes 1n the pulmonary artenes as
1 form of fibrnou vasculosts

Fibnnous vasculosts would seem to be the
result aither of abnormal permeabihity as in the
static and hyperergic types or of abnormal
pressure as in the hvpertensne tvpe If one of
these precursor states 1s known to exist m any
gven case we ought surely to relate the
fibnnous vasculosts to that sfate and thus m
these cases of mitral stenoas I believe 1t 1 proper
to attnbute the change to hypertension In the
pulmonary arculation therefore we are left with
the same problem as taces us 1n the systemc
arcalation What 1s thr extra tam of the screw
that 1n a few cases pushes up the pressure forces
fibrinogen 1nto the vessel walls and changes the
relatrvely benign mto frankly mahgnant hyper
tensian?
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Pulmonary Function In The Newborn Lamb

G S DAWES (The Nuffield Institute for

The mvestigation of pulmonary function 1
the newborn baby s very difficult not least on
ethical grounds and there 1s therefore good
reason for studying the newborn lamb While
the most that this ran contnbute 1s to define
some of the factors whxh may determine
surynval (n the baby 1t 1s mteresting that these
Jhould include the benefiaal effect of a patent
duetus arteriosus n the presence ot pulmonary
arteriovenous hunts a phenomenon which has
been so successfully exploted by modern

thoracic surgeons

Tn the mature fectal lamb the carotid artertal

Medical Research Unwersity of Oxford)

mally about 609, 1t falls
he umbihcal cord 15 tied
ns to breathe mes sfowiy
ch 15 sometimes as long

Q, saturation 1s norn
precpitously when il
and as the Jamb b%gx "
to 90% over a penod whi
as se‘/:ra] hon};s In the feetus the lung uses
about 109 of the oxygen uptake of the whole
larab so that the blood 1 the pulmonary vems
contains less O, than that i the pulmonary
arteries Any part of the lung n the newborn
tamb whch 1s not expanded therefore will not
merely act as an mtrapulmonary anermvenug
shunt but may ictually abstract O from the

blood passing through 1t
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When a fatal lung 1s ventilated for the first
time 1ts vascular conductance 1s mcreased and
more blood flows through it at a lower pressure
This crea.e n pulmonary blood flow after
birth causes a n e i left atnal pressure and
hence assists in the permanent closure of the
salve of the forimen ovale There 15 another
factor which operates 1n the same way Before
burth about 609 of the combined output of both
ventnicles flows through the placenta and thence
up the nfenor vena cava Consequently when
the umbilical cord 15 tied and placental blood
flow ceases there 1» a considerable fall n
pressure 1n the vepa cava  this alone 15 some
tumes sufficient to reverse the pressure gracdient
across the foramen ovale Nevertheless in many
lambs for a short time after buth blood may
continue to flow through the foramen ovale
con tituting a pulmonary arteniovenous shunt
outside the lungs

The deleterous effects of the e two types of
pulmonary arteriovenous shunt 1 to some extent
offsct by “the continued patency of the ductus
arteriosus In the newbom lamb more than half
the total pulmonary blood flow may pass from
ihe zorta through the partly constnicled ductus
shortly after delivery giving nse to a murmur
and thall m the pulmonary trunk If the ductus
15 occluded the pulmonary artenal pressure falls
aortic pressure rises and there 15 a reduction 1
the O saturation of the systemuc artenal blood
{Dg 1) Expenment on adult dogs have shown
that the benehoal effect of a patent ductus
artetiosus can be explained by and quantitaty, ely
predicted  from  the consequent lncrease 1n
pulmonary blocd flow whether the pulmonary
ardenovenous shunt is outside the lungs (as m
the tetralogy of Tallot) or withm their substance

In lambs the ductus artenosus normally
constricts withim 15 munutes of begmnning ventila
tion though 1t 15 not functionally closcd for many

hours A major factor mn determming this con
stniction 15 the pO; of the systemue artenal blood
{Fig 2) A fall i pO, causes dilation of the
ductus and a Tise causes constriction erther in the
feetal or newbomn lamb or . an 1solated heart
ductus preparation This phenomenon has been
observed 1n the absence of the lungs and central
nervous system and mdependently of changes in
blood pressure  Profound anovenua sometumes
also causes the ductus to con trict temporanly
Tht 15 probably due to hberation of sympatbetic
amunes since the effect can be umitated by
infusion of adrenaline or noradrenaline mto the
fatus

While these orcumstances may promote
survival 1n well ventilfated lambs “in under
ventilated lambs systeme artenal pressure mses
and yet does not exceed pulmonarv artenat
pressure The physical conditions which limt
wflation of the lungs are therefore of great
mterest The pressure required to flate factal
lungs 15 considerable 30 or more mm Hg and
mature tambs can produce mtrapleural pressures
as low as ~50 mm Hg In mature Jambs
po itive pressure ventlation causes an ithal
rapid n¢rease m distensibihity (da) air/tracheat
pressure) followed by a slower increase over
many hours The lungs of premature lambs are
much lees distensible (per kg body weight) than
those of mature lambs and the failure to obtam
a ufficent 1increase 1n pulmonary blood flow on
ventilation 1$ probably the tltimate lumitation to
viability

It will be apparent from this bref account
that there 1> ample room for more detaled n
vestigations of pulmonany function in the new
bomn  Yet before the elegant and ngemous
methods of human physiologists can be fully
apphed 1t may well be necessary to understand
the vaganes of the arculation n the human
baby 1 more detail than 1s yet available

REFERENCES

Bom G VR Dwe G S andMott ] C (1953)
Th )30ty of premature lambs ] “Plysol (n
IS

Ton G VR Daws G S Mott J C
Rnk B R (195 T e fof cent

nows used by pulmonary
hunt by comstrut n of an
€ s Y Physol (n pess)

Bm €V R Dawes € S Mott J ¢ nd
Resnck B R (1955] The m chan m of con
strcton of th ductus ¢ mosu 0 the t whorn
tal f Elysol (npres)

Bom G Vv R G S At

ott ] C nd
W dtcombe 954) Changes 1n th h axt

5

nd
1
cterio  nous
tf 1 ductus

Dawes
JC o

and lung at b th Cold Syr Harb Sym Qu rt
Bol 19 10

J ¢ ndWddeomhe § G
(1951) Th f &) crculion o tte tmb
] Physiol 126 563 1bd (1955} Th arhac
murmu  from the p tnt dutus art osus n
nwborn_lambs ] Physot {in pes) 11 d
(1955) The p t acy of th duct s ate owus in
newborn 1 mbs and  ts physologe ! conse
qu nce ] Physiol {in pr-s)
Thd (1955) Closur of th foam n oval
bon lamt  J Thysol (m pres)
I am_most grateful to my ¢ Ueagues Joan Mott
J G Widdwombe orn a arba a
FPenmick 1who hare collaborated n ths work

Mott
h

Daws G §

n new



Y o L33 SID T 3 b wa0) 03 Yuns € ewous|nd a3 o0 pauof se
WS Bnouaro 1) & wuo uindeiys wt So

1d sutid
WL U1 o) we3e u nm> Aq py

P quiel 5 njew © ui o pooyq 4

SILANIN
P92 ¥ z o

1 1

LOHS
SN.LONa

\\Il
SO L7 “w
—o /1'
MOTd “o—e
JooT8 O

AYYNOWINd EE\Q

\\\0/0/
NOILYYNLYS -
%0 alLouvD

SNLONG WVIDIFILYY
a3LONULISE0 |HONOYE ¥ ¥3IMOT 2

D0a LInay

T amnd g

¢ M uer vaqus 591 oyy pus
P ou) Ul wisayjsiue ouoy oquad (g X3 3991p 4q s 0f) Sop 3
euowtnd Jo pue vonemmy s zgy

UOBEINILS 20) prioa o ui

P (A33) © Aredournn 1
1® 1311e prioies o piosayy

SILNNIN
r’[JIO

ThAS
SN.LONg

- 52
co_mc\ [

09

08

71 00i

%

AV NYOEMIN



Aunap
Avuouind ayy vt anuunw e 10 orreadde oy Wi (5:dHEY YH Pats Jw s TP [Twioy 3) ENSOLE LIE DIIBP SY) JO GONGLL UD P GO juimyee
£Q PNIOILI U ISLIUL UT §3MD 20 i A o e in 21d 2 1507 ¥ OYISAUT ouoPqnacuad ORI UPLK a3 Aq P 4o 3P LU | Sy

QYOD ONIAL WOYL S3LNNIW
oL 09 og (o34 O.m oz ol

L. 1 L 1

to
S
snNLoNg =Ho
HILINVIA TYNYILXS
ol
HANNAN -y e
NLYS . o e . .
20_._.<«m_u % Q1LOYVD 6 S§ oS £6 95
0| HIV__ | %0 T Yiv HLIM gaLtviiiNgA
< or
'~ X N
3uNesIYd 40018 x—r v./v./v.lg\.\x\v«g.% Tm
09

BH wa

Tandyg



Respiratory Function Estimation For The Physician

W MELVILLE ARNOTT (Department of Medicine University of Birmingham)

The quantitatne assessment of respiratory
function by the chnician until some 15 years ago
scarcely went bevond the measurement of
TC piratory rate and of vital capaaty $ince then
there has been a rapid accumulation of precise
quanhtatne data from the newer methods of
clinial measurement _and 1t has become possible
for the physivian to think n terms of the under
Iving mcchanisms

Ihe function of the lungs has been defined
by kW Donald (1923) as the mantenance
m the artenal blood of normal and nearly
constant osvgen and carbon diovide content and
ten 1ons under all physiological conditions and
doing <o without causng amy undue scnsation
of vantilatory discomfort or any adverse effects
on the heart or other organ  Dornhorst (1952)
i an analitical assessment of  respiratony
function regard  the respiratony swstem as a
supply channel whose actmaty can be charac
temsed by ats conductance whech 1s the function
relating the ratc of pawage through 1t to the
pres ure difference between its ends  This channel
transmits exyvgen nwards at rates varving from
150 to 1500 ml /mun  and transmits carbon
diovide outwrrds in approvtmately the same
volumes It 15 a manvel of intcgration that gases
~o dissmilar i concentration  diffusibihty and
in mechanism of chemical transport in the blood
stream shonld pass so smoothhy and efficrently
in opposite directtons along this channel

Trom the pomt of view of chnical testng
this channel 1s divisible mnto three zones (1)
the passage from the mouth to the alveoll flow
along which can be regarded as sentdatory
function (2) the mechamsms of diffusion from
the alvealar gas phase through the alveolar wall
nto the capillary blood stream—or diffusion
function and (3) the hxrgodmamms of pul

monany, captilant  bleod flow or arculatary
function
In these three dmisions of respiratory

function particularly the venttlatory 1t 1s easy
almost fatally easy to find measurable charac
tenstics and to amass figurcs Objectives must be
hept clearly n view  Physiological procedures
may aid the chincian erther as diagnostic axds
or as a means of assessing seventy when the
diagnosis 15 not n doubt Agam quoting from
Domhorst  (1952) the justification of a
t test 1 di

\\ht::lhcr on the average 1t improies

P on
classificatron

of patients to an extent commensurate with the
cffort 1t entails
1 proposc to outhine brefly with their chinical

significance the more 1mportant tests of
respiratory function leaving those concerned with
gas diffusion — across the alveolo capillary

membrane—to Dr Bates who has been deeply
engaged 1n this aspect

Ventilatory Function

The measurement of the static lung volumes
has been extensiely practised and has shed a
certatn amount of hght on lung disease The
residual solume 1s usually measured m this
conntry by the closed arcmt hellum dilution
method of McMichael (1939) as modified by
Mencely and haltrerder (1941) and in the U'S A
by the open cirewt nitrogen wash out method of
Darling  Cournand and Richards  (1940)
Nommally  the funchional residual capacty 1s
about half of the total lung volume and the
residual volume sanies from 20 to 40 of the
total lung volume Higher values are found mn
older people It must be emphasised that it 13
quite hkely that values somewhat i excess of
40 may be found 1n a few healthy people so
that dhagnostic reliance must not be placed on
this test alone Mamy of the departures from
normal are clearly related to obvious structural
change and do httle to Wlummnate the sitnation
For mstance n massie conschdation lung
collapse without air trapping parttal or complete
pneumnonectomy &c  the total lung volume and
in proportion 1ts subdmisions are reduced The
charactenstic of emphysema 15 a pormal or
slightly mercased total lung volume with a dis
proportionate mcrease n residual volume result
ing m a residual/total lung volume ratio of above
05 Howeter the relationship of this increase to
the degree of disabibfy. as assessed by the artertal
blood desaturation at rest and with eerase
by the amount of carbon diovide retention or
by the extent of pulmonary hyvpertension 1
inconstant (Baldwmn et al 1949)

The syndrome of ~ pulmonary fibrosis due
to a wide varety of pathological processes bas
the obuious effect of restncting pulmonary dm
tensibility consequentls reducing the total lung
volume and the mspiratory reserse volume % ith
out altenng the other absolute measurements
the result 1s reduction in wital capaaty and
Increa e of the residual/total lung volume ratio



Both the open and closed crrcuit methods
of measuring functional residual capacity pro
side opporturities for measunng the rate of gas
muxing The zbnormally high concentration of
alveolar mitrogen after scven minutes

volume ( PV loop )} diagram of air pressure

and volume m the lungs throughout a respiratory

cycle (Fig 1) The major axis jomung the

ponts on the loop correspondng to no-flow at

the height of inspiration and the depth of
form:

breathing of oxygen and the 1
taken to achieve closed crcmit equilibrium 1n
respect of hehum both i  emphysematous
pattents  1llustrate the gross inadequacy of
alveolar ventilation 1n that disease

Lung volumes of course are pure statics
A dynamic test which embraces rate of volume
change s the Maximum Breathing (or Ventila
tory) Capacity i which 1s measured the amount
of air breathed m any given time which may
be as long as 15 or as short as 1 sec The
result 15 expressed in htres/min At first the
test was often done by urging the patent to
breathe as hard as possible leaving the patient
free to choose his own frequency and amplitude
Nowadays 1t 15 more usual to control the rate
at frequencies of 50 60 and 70 The work of
Bernsten d Silva and Mendel (1952) n design
mga capable of d 3\

P the hyp of a tnangle
whose area 1s proportional to the work done in
overcoming the elastic recorl of the lungs while
the area enclosed by the major axis and one
boundary of the ellipsoid 1s proportional to the
work done in overcoming the wiscous and tur
bulent resistance to air flow and the wiscous
resistance to deformation of lung tissue Already
this techmque has shed much lght on the
mechanics of breathing 1 respect of the
physiologcal factors goverming the relationship
between 1 and of
in the settng of the restng respiratory level
and 1n the distorted mechanics of lungs stiffencd
by disease and ar passages narrowed by
thickening and spasm of their walls At present
it 15 a rescarch procedure but it 1s quite Iikely
there may evohe from 1t comparatively simple

to these high frequency phase reversals has
greatly improved the value of the test As the
ordinary, Benedict sprrometer 1 virtually useless
for this purpose the only alternative method 1s
the collectton of exprred air 1n a Tissot spirometer
or a Douglas bag In assessing the value of this
test Donald (1953) has emphasised that although
1t 15 a useful measure of the pumping capaaty of
the chest many attributes of this activity are being
tested simultaneously  Furthermore there 1s this
element of unrealty about 1t that the amount
of air that can be breathed 1s 1 the healthy
about twice the amount ventilated by a normal
erson subjected to the most powerful physio
logical stimulus  This test remamns the best
overall vardstick of ventilatory msuffictency
without any great capaaty to differentiate the
nature of the fault
Much work has been done on the cost of
sentilation in terms of ventilatory volume per
unit of work and m relation to the maxsmum
sentilatery solume This will gam m value to
the chiucian as normal standards respect of
age sex &¢ emerge
There has recently been a revival of mterest
:I 2 method of studymg the work of breathing
“mwd sq}mc 30 vears ago by v Neergaard and
0 12,"0(1"-7) mamly by Otis Fenn and Rahn
M ID ) m Amenca’and Chnstie Marshall and
eltroy (1954) n this country This consists
;)“ the application 1o the bellows acton of the
Slﬂ(’.}:s of the prineiples the engmeer employs
udving the physics of pumps and heat engines
' central point 15 the construction of a pressure

"3

tests to routine chnrcal practice
Fgure 1
¢ -
e
!
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[ 4
VOLUME
The loop of intra-sph ge | pressur  nd td |
volume (Arnott W M Butler ] nd I neock
A C 1959)

Circulatory Function

The most useful blood test of respiratory
function open to the ordinany chnician s the
estimation of the oxygen and carbon diovide
contents of a sample of artenal blood withdrawn
preferably from the brachial artern  The routine
practice of this procedure has revealed how
severe may be the artenal unsaturation 1z mam
forms of respirators disease A glance at the
dissociation cune of hremoglobin reminds us
that a reduction of onlv a few per cent 1
oxygen P! a gross dey




of ovygen tension Thus test can be made much
more revealng if performed wmmediately after
everase (always supposing the patient be
capable of this) because often enough s entilatory,
function 15 sufficient to maintamn normal artertal
saturation at rest but quite madequate to cope
with increased oxygen uptahe  Any defect such
as emphvsema which senously imparrs alveolar
ventilation rases the carbon dionide content of
the blood The importance of this factor in the
production of the carbon dioxide narcosis

somclimes seen m severe casts of emphysema
treated by oxygen mhalation was pomted out
by h W Donald 1n 1949 and has since recersed
much attention notably by Westlake Simpson
and have (1955)

In conclusion I would emphasise that bresaty
has resulted 1 a very shetchy survey (not
mcluding bronchospurometny ) of this subject and
that the most important subject of gas diffuston
and sentilation perfusion relationships s left i
the safe hands of Dr Bates
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Gas Diffusion And Lung Function

D V BATES {Dunn Leboratories St Bartholomew s Hospital London EC i)

The studs of the process of gas diffusion mn
the lung lustrates the unnersal difficulty of
applying simple physical laws to the field of
biol ny The ch 1cs of a
1 terms of diffusion through
may be defined as

membrane A
1t of a substance 3
follows —
Diffusing capacity . /™0 of \ tra ern, A
(ce mun/mm Hg)

Grad «nt of pres ure of y cross A

Gas diffusion 1s of physiological importance
m the human lung since oxygen has to pass by
diffusion from alveolar gas to red cell hxmo
globin Ve may recognise at once several factors
mtmately concerned with the speed at which
this proress can occur an obvigus one being the
permeability to oxygen of all the structures that
separate the ga. from hxmoglobin  Since
ovigen must pass into hemoglobin the rate of
transfer as 1t will be measured 1s i additton
affected by the surface area of haxmoglobm
exposed continuously to the gas and by the
Lmetics of the reaction between O, and Hb

The methods that have been devised to
measure the pulmonary diffusng capaaty for

owvgen are complex and hnuted space precudes
an)gdelax]cd d?scussmn of them The ewident
difficulties 1n calculating the oxygen pressure
across the alveolus have been brithantly su
mounted by Lilienthal and Riley but tr’ﬁ
method remams a formidable techm
procedure Ever suice the pioneer work of ';he
kroghs 1n 1910 the use of carbon monowude for
the mvestigation of pulmonary diffuzion has
seemed the method of chowce and this lechm‘I‘l’e
has been sumplified by the ntroduction mceutg
of physical methods of gas analysis apph(zblec b
carbon monovide The rate of diffusion of s
from the lungs (Dco) may be measured exther
by a single breath  or by a steady stafe
method Each of these possesses advantages 3"1
disadvantages m practice but so far all a\a:e
able evidence sugge ts that{the un: x;cethods g

lts of the same order of magnitu:
1Ts“\\ hat Lhas been leamnt so far of the nature o:
gas diffuion m the lung? In summan
following pomts hase been established — .
1—The normal restng diffusing Cﬂpﬂﬂf)m 5

about 21 cc/mm/mm Hg for ox38en
about 17 for CO



— flusing capacity ncreases by about
z ;l';;z i‘n exégmsep and usually reaches 1ts
maximum well before the mt of effort or
of oxygen uptake has been reached
3—The diffusing capacity 1s greater as one would
expect 1n persons with a large lung volume
4—Increasing age reduces the diffusing capaaty
5—There 15 evidence that the ratio between con
tamed gas solume and the rate of diffuston 1s
not constant within a normal lung
6—1t has been reahsed that the d overall

emphyscma  this may force the patient into
the dilemma that the mcreased amount of
oxygen that would be transferred if ventila
tion were mcreased 1s more than offset by the
mcreased ovygen needed to achieve that
ventilation
Finally how uscful 1s this measurement n
physiological  study and  chimcal research?
Physwologically the method 15 of most value n
gving mformation about the mature of the
pulmonary capillary bed In 1945  TIrof
hton 1n a kable and

rate of diffusion will be dependent on the
ratio between ventlation and diffusion m

different parts of the lung
7—Gross disturbances of gas diffusion hay
m disease 1
affect overall lung function
We come now to a major difficulty In many
respiratory, diseases we hnow that there 1s a gross
abnormality of gas distnbution withm the lungs
and we may assume that there are m addition
wide vanations 1n gas diffuston in different parts
In cases where the Jung has departed so widely
from bung an 1deal single alseolus what mean
mg can be attached to an overall measurement
of a simgle figure of gas diffusion® This problem
1 still far from solution and until this aspect of
the measurement 1s better understood the mnter
pretation of some of the results will remam 2

matter of opmon
Figure 1 indicates some of the mechantsms
which may be responsible for impaired overall
gas diffusion The examples quoted are mtended
to be illustratne and do not constitute a com
prehensive bist Tt 1s clear that impaired diffusion
as revealed by current techmques may be caused
m a number of different ways and forther that
m a condition such as mutral stenosts—in which
impatred oserall diffuston may be demonstrated—
alvcolr wall change wmequabty of gas distribu
ton and mability to inerease the cardiac output
may all contribute to impawed gas transfer The
numter of question marks on this figure 1llus
trates the tentative nature of some of the con
clusions that may be drawn
Impurment of gas diffu ton 1f of sufficient
severity may show utself in a number of different
Wavs —
1—By causing excessne ventilation for a gven
oxsgen uptake the ventilation being required
to heep the alveolar oxigen tension as hih
as possiblle
2 By causing artenal un<aturation on exercive
the muscular weakness that follows may Lmit
cffort tolerance

31f grossdy reduced by Lmiting the

e been
great to

con
tribution used the lanetic equation for the rate
of formation of COHb at different oxigen
tensions to calculate the pulmonary capillary
blood volume quantitatnely No one as yet has
followed up this lead but there 1s every indica
tion that the next few years will see a consider
able advance m this aspect of respiratory
phystology 1t 15 also rather surpnsing that gas
diffusion has not beun more studied 1 expen
mental pulmonar, cedema

In chinmcal research and investigation one
may single out three examples to illustrate the
value of this type of study

1—In pulmonary emphysema the overal] diffus
ng capacity gives an ndication of the state
of the lung parenchyma This information 1s
not obtamed from any of the ventlatory
tests and 1t constitutes an essenttal part m
the assessment of any patient who miht
have some degree of emphysema The dis
crimination achieved by the measured diffus
ing capacity on exercrse when young normal
subjects are compared to cases of emphysema
15 shown in Fig 2 Ventlatory tests of course
show simlar differenices buf there 15 good
evidence that the two groups of tests are con
cemed with quite different aspects  of
{unction change

2—It 15 of particular use m the study of the
occasional cases of obscure pulmonan, nfil
tration that are met with n which the 1m
parment of gas diffusion will forecast the
alveolar wall changes that the pathelogist wall
demonstrate and that the radiologist may
have difficulty in showing

3-It may be used 1n the study of cardio
pulmonarn, henomena  such  as  left
ventricular farlure with pulmonarn, conges
tion This condition may produce wmpaired
gas transfer and changes 1 pulmonan
diffusing capaaty may be senstiise anchcators
of chanse

T hope tlus bird < (ye view of an active field

oxygen uptake to a veny low figure In

31

piraton, p

of © e will senve as a basts for
& cussion
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Fgure 1
MECHANISM EXAMPLES
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Breathing Machines And Assisted Respiration

L G C E PUGH (Medical Research Council Laboratorres
Holly Hill Hempstead London NW3)

The development of mechanical b

th

pressure by A tanh copststs

apparatus has greatly expanded therapeutic
application of assisted or artificial respiration As
long as manual methods alone were avalable
artifical respiration was onh uwed 1n the treat
ment  of emergenctes <uch as drownng
anxsthetic faillures or exvposure to tovic gases
where treatment was only required over minutes
or hours The mtroduction of the tank resprator
by Drnher m 1929 opened the way to the
development of mechamecal methods swtable for
chironic cases requinng respiratory assistance over
weeks  months or ewen mdefimtel The
potentialities of this form of treatment are in
fact onh just comms to be realised Some of
the condittons i which respirators have been
used m addition to therr use n acute emer
gencies are —
TABLE 1

NEUROLOGICAL — Poliomvelitis  Penpheral

neuntis Myasthenia gravis Tetanus
POISONING—Barbiturates  Alcohol
PULMONARY—Emphisema  Acute re-piratony

mfections 1n patients with grossh reduced

lung capaaty
SURGICAL—Thoracic surgenn  Head mjun
PEDIATRIC—Re<piratory difficulty 1n newborn

and premature 1nfant

M\ purpose here 15 however not to discuss
treatment of respiraton fatlure in these conditions
but to descnbe the man types of respratony or
breathing machme and their uses

A bewildenng number of different machines
has been designed but they fall into the follow
ing categomnes —

TABLE 2
TOTAL VENTILATION — Tank respirator
(Dnnker Both etc) Posiine pressure
breathing  machines Volume  cvcled
(Engstrom Pouwer etc) Pressure cvcled
(Aga Pulmotor etc) Patient cvcled

(Bennett etc )
PARTIAL VENTILATION—Curasses Rocking
beds Pressure belts
TANK RESPIRATORS — These are <ome
times called negatrie pressure machmes becanse
they act by reduang the atmosphenc pressure
outside the body Therr effect however as far
as the pressure differcnces across the lungs are
concerned 1» the same as with so-called posttne

34

essentrally of a coffin like box ‘\:th an aperture
for the nech and a “ponge mbber or plastic nech
seal The patient 15 ventilated by rhythmucally
lowenng the tank pressure by 1220 cms of
water by means of a large bellows Expuraton
1> usually allowed to occur passively though m
some respirators positive pressure can be appled
to aswist expiration Modern deselopments m tank
respirator  design are mamly  concerned with
improving facilities for getting at the patient for
nursing purposes and for ventlating the patient
by positnie pressure when the tank 15 opened or
the patient removed from st as the case may be

“ome Q00 tank respirators are available m
this country and are distnbuted among fever
hospitals and general hospitals They form the
resenne of mechamcal resprrators ataifable for
handhng a pohioms clitis eprdemic

POSITIVE _ PRESSURE  BREATHING
MACHINES—These are classified according 0
the method of controlling the breathing cvdle

A volume cycled machine delisers a standard
solume of arr independenthy, of pressure thouh
1t may be fitted with a blow-off valve to guard
azanst dangerously high pressure being apphed
to the patient Examples of this tvpe of machme
are the Beaver respirator made by the Brish
Oxigen Company and the Swedish Engstrom
respirator

Volume-cyeled machines are operated either
bs a piton pump 1n which case provision has to
be made to prevent contammation of the inspired
air with o1l vapour or by a bellows The form of
the pres ure cune 15 determned b the shape of
the cam which operates the bellows or cihinder

The strohe volume and frequency are adjust
able and i the more comphcated machines
like the Engstrom respirator the wave form can
al~o be adjusted In Denmark and Sweden whese
large scale epidermucs of pobomiehts hae
occurred this tipe of apparatus 1« preferred for
treating the more serious cases of Tespurator
meufficency m polioms elitrs

A Pressure cycled Machme pumps ait irto the
patient until the pressure at a given point n ﬂl)f
system (preferably near the mouth or tra eﬂﬂ
nses to 2 set value  hereupon 2 vahe shuts ot
the arr flow from the patient and the P?"e“
exhale passnely to atmosphere  The best h“fl?c
of machine have marnetic sales 0 whel



oy cling pressure overcomes the pull of a magnet
‘These are more reliable than those which depend
on breaking electrical cremts by t

fixing behnd the back Respiratory efficency

find or mercuny m response fo pressure In
pres ure cycled machines a gas flow

depends on the amount of trunk mcluded

of to ml nt  both
antenorly and  laterally and maxumum

t” The cutrass should

can be used since the flow 1s merely diverted
during expiration and mot shut off Cheap and
compact machines are avatlable using compressed
air or oxygen or @ vacuum cleaner blower
Ihis type of machine 1s very smtable for
transport ~ of acute poliorayelitis cases m
ambulances or for other respivatory emergencies
It 15 also favoured by Scandinavian physicians
for treatment of chronic poliomyehtis cases
because 1t 15 relatively sunple and rheap and the
patients hike 1t It 15 contra indicated in their view
for acute cases
1—Becanse 1 obstruction develops m the air
way due to secretions etc the machine can go
on ¢y cling without dehverng its quota of air
2—Becau.c 1if a leak develops between the
patient and the machine the machine may cease
to cvale altogether
Patient Cycled Machines—These machines
tend to be more complex than other types
because of the need to respond to smalt changes
of pressure set up by the patents natural
respiratory effort Some depend on mechamically
switching others have electrome devices They
are used commonly i the treatment of recoira
tory embarrassment without muscular paralysis
for example w emphvsera  particulatly 1w
assoctation with atomisers for  administering
bronchodilator drugs They have not vet found
wide application m pohomy elitis
Common to all positive pressure machines 13
the peed for a gastight ar way and since
positive breathing masks can only be used over
short penod  thor use ever prolonged penods 13
Iimuted to tracheotomy cases In Denmark and
Sweden 1t 16 common practice to heep tracheo
1omes open for Tnonths and <ometimes y cars
Cuirass Respirators—There have been many
altempts to make cuirass respirators beginning
as long a,0 a5 1001 Lsen the most successful
ones have not been cfficient enough to keep
severe cases of Tespiratory sufficency alne and
patients fiave died wath pulmonan, oedema from
under ventilaion By the 1030 s models were
natable uhich were adequate for com alescent
c15es One of the first wa the 1 CC Burstall
jacket whick was Iike a stit of armour encasn
the whole of the trunh Subsequent develop
ment particularly «nce the war  have been
towards greater ease of application combined
with gredter effcieney Lase of appheation
depend  on baving the mintmum amount of

s

seal behnd the mud axillary lhne below the
P (1e over the hyp 1am) and as
hugh as possible on the stenum  The seals them
sehes should be very thch and soft to allow a
certam amount of movement underneath Such
respirators belong to the chest abdomumal tvpe
as opposed ta the less efficient chest type Chest
curasses tended to move the antenor part of the
che t only Chest 2bdorminal types aum at moving
prnapally the diaphragm and lower nbs The
most recent one mn this country 15 the Spira Shell
developed by Dr hinmer Wilson and his
colleagues and manufactured by the Medical
Supply Association It 1s clamed to give 25 per
cent greater tidal volume for a given nejatine
pressure than the well known Monaghan tvpe
the most rccent model of which 15 akso of the
chest abdomunal type The greater efficency of
the Spira Shell 1» due to the fact that it widens
on suction whereas the ‘Monaghan compresses
taterally on suction

Cuirasses are not swtable for acute cases for
the followng reasons —They may not gne
adequate ventilahon sealing 1s not completel
veliable and posturing the patient for dranage is
difficult

Rocking Beds—These are now coming, mto
use 1n this country having been used for some
vears in the U S A Some patients prefer them to
currasses and can sleep on them  They can be
relied on to supply about 60 per cent of the
total veatlatwn Their man advantage 1 that
the patient 15 completely unencumbered The
angle of tit 15 usually 30 35 degrees (15 degrees
head down and 15 degrees feet down)

Pressure Delts—These compress the chest
duning expiration  Inspiration takes place by
clastic recoit or by the patient s own in prratory
effort They are nowadns seldam used though
they are good for comvalescent patients who
cwmnot leep to gine the extra 100 e of tidal
volume

Electrophrentc Respirators (Sarnoff)—These
have Iittle place i pohiomvelitis It 1s considered
undesirable to stunulate affected muscle  more
over the nerve mav eventually cease to conduct
Tt 1 alo difficult to find the mator pont and to
heep the electrode on it They mav however be
of value tn patients with disordered action of the
medullany centres who are difficult to treat in
other resprrators since they <eem ta whibit the
natura} an iratony effort




Three important accessortes used with breath
ng machines will now be considered

Sprrometers—An important requirement 1n
the practical use of any type of breathing
machine 15 a spirometer since 1t 1s important to
hnow the minute volume of ventilation and this
cannot be determmed accurately from the
pressure changes Some positne pressure breath
ing machines notably the Engstrom have a
bwit in sprrometer faling this a small gasmeter
tvpe spirometer 1s suitable

Suction Apparatus—Some form of suction
must be avafable for aspirating secretions from
the resprratory tract This can be done either by
means of a separate aspirater pump or by a
ventun tube incorporated in the breathing
machme

Hunudifiers—In patients with tracheotomies
It 1s important to prevent formation of crusts m
the respiratory passages due to mhalation of dry
arr It widll be recalled that mspired air 1s
normally saturated and at body temperature by
the time 1t reaches the trachea VMany otherwise
satisfactony breathing machines are deficient 1n

respiratory polio cases require tracheotomsy at
some stage and problems of nursing and medical
care are much simplfied by use of positie
apparatus rather than wath tank respirators At
Damish and Swedish centres tracheotomes are
hept open for long penods 1 order to allow this
method to be used

Inthe US A on the other hand when com
parable epidemics have occurred tank respirators
are considered supenior The mortality at one
centre which I visited was stated to be as low as
12 per cent compared with 25 30 per cent m
“candinavia Tracheotomtes are allowed to close
carhh  as soon as the patient recovers the power
of swallowmng In the chronic phase wide use 15
made of rocking beds and cuirasses

The difference between the two mcthods has
grown up largely on the basis of the equpment
which the different countnes had aialable at
the tume when they began to have semous
epidemics  Centres 1 the US A and Canada
were already equipped with tank resprators
Denmark and Sweden had lttle equipment of

this respect Either they have no ) or
the humidifier 1s too wmall to be effective or
placed too far from the patient so that the
msprred air cools by the time 1t reaches the
patient and drops most of 1ts moisture by con
densation

1 hould like to close with a few remarks on
the treatment of respiratory pohomvelitis Any
one usiting Denmark and “weden 1s lihelv to
return firmlv convinced that tank respirators are
out of date and that a volume cycled positine
pressure machine 15 necessann for adequatels
controlled treatment m severe cases of acute
respiratory poliomiehtis and that a pressure
vcled machine 15 the equipment of choice for
the chromc case This view 15 based on the
Scandinavian experience that 70 per cent of

any kind They used manual positive pressure
d: of the

m the
early stages of their epidemucs and later
descloped some very efficient types of positne
pressure breathing apparatus

In this country we are i the same position
as the US A consequently 1t 1s unlikely that
positine pressure breathing will be adopted on 2
wide scale for treatment of respiatory polic-
myelitss  Positise  pressure  breathmg =~ has
however 2 wide field of apphcation 1a the other
conditions listed above It seems likely from a
stud of mortality rates both mn Scandinavia and
the USA that shilful clinical management
backed by adequate laboratory facihities are more
important 1 reducing mortalits than the actual
type of resprator

Augmented Respiration With Patient-Cycled Respirators

IAN DONALD (Department of Midwifery Unwersity of Glasgow)

The need for an apparatus that would
amplify resprratory efforts however fecble or
1rregular became obvious some \ears ago 1n the
course of our experiments m treating respiratory
difficulttes  m  the newborn  partienlarly
premature infants It had been found that an
mfant Dnnker type of apparatus although
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having a wide range of speeds of operation and
pressées failed to produce any noixce:l!])}:
benefit becanse the baby fought ~ the rhy

of the machine with 1is own spontaneou;
respiratory efforts 1f strong enough to dohso ax:7 "
treatment along these lines more often than

tindered rather than helped 1t



Kespuators have therefore been developed
which are operated by a servo-mechamsm which
is trggered by the onset of each mspiratory
atterapt Such a respirator bemng patient cycled
adjusts 1tself to the needs of the patient i so
far as the respiatory centre 15 functionally
competent  and  moreover  the hyp

operated blow-off valve A regulator valve in the
delivery system can adjust the ratc of pressure
rise within the mash

In the event of apncea the automatic timmng
arcuit assumes control and continues to tngger
the apparatus at any desired frequency until the

possibality of hyperventilation 15 less hihely

Two main types of respirator have been used
and are undergowmg further development
although both operate on the same tnggering
prncple In the first of these namely the servo-
respirator the baby is enclosed 1n a mumniature
type of cabinet resprator m which negative
pressures are apphed to the body synchronously
with the meprratory phase The neck and face
are scaled from the body chamber by a setting
solution of caloum algimate In the other type
namely the Pneumotron inspiration 1» assisted
by intermuttent positive pressure applied either
bv a face mask or Ly an endotracheal tube This
provides a short term  emergency type of treat
ment 1 the hands of unshilled personnel
Positive pressures applied by a face mask with
out regard to the tuming of the child s respiratory
etforts tend merely to dnve the

next sp trggers the next
cycle of operation
The efficacy of this pnnaple of treatment 1s
beng studied by intracsophopeal electromane-
metry along the hines of Dornhorst & Leathart
(1952) and the pressure changes thus demon
strated within the thoracie cavity can be studied
an d with the p mn
both natural breathing and other methods of
artificial respiration  In the case of the servo
respirator the pressure effects of augmﬂg(tcd
effart

par

and sp

have already been shown to be additive (Donald
1954) Vith the positne-pressure Preumotron
the pressure waves are of course reversed and
the degrec to which this reversal takes place gnes
some mdication of the adequam, of the gas flow
delivered by the apparatus

The Pneumotron has been designed also to

gases down the asophazus nto the stomach
whereas if such a pressure with

provide aug d m adults and
expenments on curanized patients undercoine

the natural mspicatory phase of the patient
dunng  diaphragmatic systole the y

are ben; and the effects
studied by intracsophageal manometry As

mtake »s more likely to be mcreascd

The taggenng mechamsm 1s controlled by a
flap inspiratory valse which is murrored A light
refiected from this murrored surface on to a
Cogpmansm rystal 1s deflected at the begintang
of cach mspiratory phase and the output from
the Cermantum 1y suffictent to operate a sens
tne relas  The relay controls two standard
Clcontrof timing unts the first of which provides
the holdin time to determune the duration of
the poutne pressure The sccond provides an
automatic cycing time  which causes the
apparatus to work at any ginen frequency af
Spontancous re prration should cease and there
fore fai to tngg r the macluine Both crcwmts
provide a wide range of settings The output
redwys from these timmg cucwts are connected
® paraffel 1o a powerfut wolenod which opens a
frton nale A powtne pressure of approv
mately 4 I per square inch reduced m two
ta s from a standard gas cvlinder 1 con
<antly apphed to the i ton vahe This Svotem
chminates time  lag  between tnggenng  and
operation Amy gas mixture can be supphed and
our preference 15 for a 50/50 oxvgen and
mtroen mixture upphed from one ¢ hnder

The pressures delivered to the patient cannot
«xeeed 30 to 35 cm of water because of a weiht

a7

P P returns the G
cell tngger takes over from the automatic timing
crcut

The apparatus has not so far been used m
cases of respiratory paralvsis  complete or
partial due to disease Its salue wn such eases
has not only to be established by ob ective
measurements as above but has to be weighed
against a certain degree of electronic complevty
Nevertheless the use of a Germanum crystal
place of the former gas filled phatoelectric cell
and D C amplfier together with standard timing
umits has alrcady simphfied the apparatus and
made 1t more rehable than ts prototype
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DISCUSSION

Dr C M FLETCHER

The great progress thit we h ¢ made du ng th
1t 10 vear 1 our underst nding of lung fun tan
may be cen by comp.r g a recent book such a th t
by Comroe and his ollcagues (1955) with ch fters

entcp tom m books of ¢l n cal physiology p bl hed
10 ye ago Depte ths progress the v rous
techn que de loped for lung functi o stud  re

sldom used 1 ¢l ncal wo k n this countny o t dea
few research units i\ hch they hive hen anl are

Ben d 1ped Isth fact 1 reficction on th t ck
wardness or consers t m of chmcan ot due
t the ¢ mple ty of th 1t chnqu totha

1 cetocnclpret 1

Refevan of Lung Functon T t to Cl ncal Pract

in th grest majonty of ¢ ves of chet dwae
th clncan adologst and pathclogst ¢ n pro dc
n accurt  atomeal nd p tolo, 1 d grost
pon wh h [T osis nd t eatment  n be securely
bied F chin t ts can onh § o 1de ddtona
fomaton n cises who hive m ds © of

PTtoy fonction usually man{ ted by dy jnoe
m the undo bt d_ntellectaal
th  ddtonln

frmtn fenof pr te | use to the cimenn or
s patent

n case wthdy proea fu ctiont t my hlp n
twomomow ys—

() M asurement of the sev mity of dy pnoea
Cln nn  ally st dy pnoerw thas ur nce
but tdes ftherep & bty of whetmatt %
M cofiden  noth  ccurwy, A wth oth
Imthod anoljctiet tshould upplem nt
e pecal n od for quin
ement of dy pnoca ~  ng
Injury
ubject ¢ and
w111ty { 1 tho acic surgery e
y

my 1
than that
Tof actvity Ch t
o he act ty of breath
ng w Ik g—both are  hythm al

1¥t  cam d out without ¢ nwou

1 both  enwation fstr noreflortar ot
wh o the g uphil nwatki g
mrea g entil ton n breathmg) or whn th
capcty topriom educd fwe kn s o stiffnes
n walkng edacton n ventl tory caficfy n
trth 2)°Anmd  fdysp oeamavth e so )y
be b2 d pon m urem nts of th

g ver

ly 11t at n
1195) el 11y Bupared 4
tomt o f oW

surmg nd
are Th e
e had most per n s that

(1952) The se  ty of th
sed so that th pitent lways
tofexten Inakd jite an tons
Inord foallow fr om nto
y pUets {1 g to complte the st nd 9
od of & relve or fal Bto hev istadv tt

of exerct  went! ton the total ¢ ess ventl ton
{abore the re ting level) 1s aver ged over the ctual
duration of ¢ ercise In oth r te ts the lack of such
tandird: ation by led to conf on in interjretat on
of exerc se ventilition and 10 d sat faction with the
md %
1he dy procic snd x derved from this test ( xer
e enhlation 18 a prop tion of maximum vent la
ton) correlytes well on the erage with clncal
asc ments of dyvspnacy tut there s 1 wide sc tter
of md e withn e chchincal group Thi wa  atter
gr t that th nd 15 1 poor o but 1
hat th atter 1 due morc to the inaccu ¢y
of th ubjectne thaw of the objectve ind  In
nom byt been shown that the inde
on 't nt from day to day soth t en f tcannot
be uwd unteservedly for absol te me u ements of
dysp oca + an be used confid ntly to assess the
reult of t tmnto poye onof dseis Turth T
moe the tet fro 1d  a useful pomnter to pn ble

m ht
el ve tl

cwuwes of the dv pnoer a d a guid to th further
noetgtin
1b) T dcat nof the Cau of Dy pnoe

1l show whether th
atilatery d mand or
ty o to both Th
n ble m \ thu
Mn cessary  furthee
1ed out to identify

The simp! dy pooea te t wil
gaoe s d to nore s

to deum hed  ntlatory cip
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sympasiy su h as this m1y help to draw attention to
the need far v ider use of modern techmuques
Details may_be obtained from Dr B M W fight
Preumocomosis I esearch Umit  Llandough Hosprtal
Penarth Glamorgan
TABLE

Increased Ventrlatory Demand

I—Une en  entilation or blood ci ulation feg
emphy em1 preumonia collapse)

—Al colar capillary  tloch  feg  polmonary
cedem or granulomata)

3T 1ght to left hunt

4—\euros!

5—Incressed sen itavihy  f respiritory cente (e g
altitude)

Decreased Vent latory Capacity

I—Los of fun tioning lung (eg on ohdition
collipsc re ction pn umothorax}

—Pulmonany  conge tion (e g heart failure)

3—Fulmonary fbros

4—Airway obstraction by prm ¢ adite et
5 _Emphy con
6\l cular exkne (eg |ohomeht: )

7—Rudity of thoraci cage (c g nkvlosng ponds
[
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Dr ROBERT COOPE

It was aid of a ¢ rtamn rejort th t it reflects
the attitud of a m n who clanfes the whole course of
thou ht by first ishing tho ¢ two fundamental but
so often neglected que tion

What do we know about th

What do we need to do about th
You have thou ht both these spects o th pur wng
i the Symposum and so jyou ha e muted both
the w ¢ and the prud nt—the clert1 t 1sc to d scern
the e things and the doctor ho {once on inced that
they ae true) 1 killed to apply them—or some
um_ prad nt not to apply them

The orkin, phy wian 1s hkely to be out of his
depth when confronted with ome of the mo e ¢ oterc
equations of the re p ato ) physiologist e ertheless
we must measn e things and aoalyse them as
accurately as we can and therefore equatons there
must be I myself ha ¢ a particular affection for th
ane

Imp dance Equaron
z f Phys ol

g

{after (offin and Wi in
Phasicachem  Bol Pharm codinam Path u
Med u so Werter 1900 3004 96 )

Ritpag o AT BStm — (PBRI + nr + c
Ba

Where IIIPNI 15 the resistance of the humdrum
physicin fo new ideas
#1 15 mental mertia

hS  honest scepticism
t7  thou htfulness for the patient
PBRB  partal pressure of the bachroom boys
N nece sarv receptivity
¢k cerebral comphance
wnd BA  the atmosphere of Bonme Dundee

What does the + orking climician get out of all
this present activity?

_The exc tement of kno ng that mtensne work
is beng done in the respiratory field after a long
gap when scientists appear nof ta have found amy
great enjoyment 1n tackling its problems The workin»
doctor always has a sneaking hope that something
may be produced from the compurors hat to make
his”job of del cate judgment easier and that there
will emer e facts and fieures wheh will be really

more helpful to hum than what are called  ¢hn cal
ympres 1005
2—an appreciable thou h as yet lhmufed

practical sllum naton with the promise of more—
for_example the mechamsm of €O, marco1s the
light thrown on subovygenat on the result of unie en
ventilition and so on It 1s tru that sometime
thnes are bomg measu ed in detarl wheh to the
chnicnn are obvious m a rou h but adequate way
Moreover there 1s the occasional chmical problem
shch only research techniques can sol e

3 —The promise of a much cleater conception of
the cardinal processes thow h speaking for myself
mathemat ¢ thought will somehow have to be trars
lated 1nto pictures (rather as Comro and hi co
workers try to do in their recent mopograph) In
tlis Symposium I certainly sense a strenuous out
pou ing of energv  both from scient sts and doctors
in the attempt to ce our way through the forest of
facts wich are mow benw accumulated We are all
strivine towards a better mntegrated svies of our own
field I wonld hazard a bet that this 1 e entually
gomg to lead someone Like Professor Arnott (for
example) to hink up with s y Coulsons department
of mathematics at Oxford to produce an elect onc
computor hich will ron out all the vanables and
put them m ther place and as a spectator I am

1t for 1!

The physicians stegration however has to be
rather different for his most important and persistent
vaviable 15 the 1l person of whom he ha to take
care Moreover the art 15 Jong time 1s flcetin and
hie 15 short So smewtably the vorkim doctor mu t
ask questions (of humself and others) such as these—

Do your fioures imterestin~ as they are re 1y help
me 1o manage tht sich person? Does this techmque
or that @ ¢ us chmcal results commensurate With
the tme (ind money) spent on them i other

ord do they really pay their ay in the sphere
of ehimeal m dene or sureery or are they for the
research labo atory and the occasional problem? Ar
they orth on balance anv pam or siress of mn
con emence which they may b n toou 1 p tent

There 15 thus the cunous situation that while th

orking da tor ants as much help a he ¢ n get
th t at the sam tm R toapt

fom the scientist e
" Fer the Gfeeh beanm gifts and he
sh—mut s — 1 your journey really

su prsou 1y



It sound churlish but an lact it + nnt
really so and whenever you fall all yourself you
w)l'und tand Mor over once you h e con inced
hum that th journey 15 Dece wIy 30D Wil get hs
full support <nd he can usually carry the diy with
™ patient
4-~It wo Id b a good ider if som
tests were sechr fened  respiratory tnch ' That
would remnd u 11 of thewr smtenlion their scope
d ther tmiatons 1 would gse  miamal
bre th g capacity as an e mpl
As an older [hysician ¥ hay

nege sary?

re piratory

3
Pheen 1 cimated to
look back over the years and r lse that wine we
ta ght (for € myle) vital capacity partly becau e
we thought physol =y the b med cine and
P 1ty bec use we d d ot know any befter m actial
Iact we did ot rely overmuch on it 1 fear that we
sad one thing and did amoth © In linctely e
Tehed on something mo ¢ dyname we  tested by
lond  asked wh t the pat: at could ctually do in
sunong o walkn or str ggling up o e or two
fghtsofstars Wealsoask d  was ho fit (o do the
trck? a2 furthermo e was he doing h best?

andyetag o fnot why not’ Then as fiow (h

e-operat on of the patient was recognised s a crucial

<tor

5—It we could hi e w th a pat ent for a tang t me
ad abs cve hm continuou fy and la ly we hould
T cabeld 1idea of how b stood There ond
2 1 of mere Ipservce gien to the 1de of clinwal
h tony yet an’exper enced doctor can often ehat a
h tory from the patent which s a good equ alent
of I 'n withlun n the sc s tht the up nd
do n of the lne sy emcrge v dly These dre fact
which may well be ven mor  tal to the doctors

act o‘( Jud;,hm at th:\nlany figu o3 provid d by th

o olog t M

Mistraton > °%8 vieeyoua ey mrle

Th p tient known for some years to h
tenosts

of any note x  n ttack of

wh en a  two years bef re There ere no p sent
ympt m of ifin ss d both \ ray and cath te <@
tinrecldn pulmonary hpertenson whatever

Tt seemed that ope ton was ha dly justif ble 1

rer  me e peneaced  plorit n of Bt to
1 e the fact that over the f, lous 12 month 16
Yat e o p small amo nts of blood [sh
had d m sed fhese episodes f om her mnd s of no
acount) ad the att ck of mfl nza eme

on malyss as Imo t certamly a fir t bre kdown to
she did nat

6—Oft n th doctor cannot follow the scyatits

ed:':mt;ecause 1 ltlhe ey ze of th protlem Fo
e e e

¢ ample & & 1 the country can p od ce one

X £ 5 with ch on c bron hitis emphy setma
yg naton  who are lowly d tero ting

It would doubtless b go d to know
¥ ubo yg naton they r endurng but
1t 8 €le 11y imposs bl €0 A ate fal punct s o them
:ll Does st matte  alw ys> When does 1t m tte >
low fa ¢ nth cIncan’t st his Incal 3 dgment

#ho f edwith such a p tent? Can ny smpl
but still rel) bl test be dfcco 47 Can thye ln‘:xan
4 nd b thee technqus spen b purely
Sl 1 dgm st th t b can event ally dscard th
n ques
J—It has al oy ben tru that the fut re of
md& n dpend gratly on the k! g h"
& mltng and “metdbol g Gontempsrety 45

contemporary s

a1

coverics m the bisc dsaplines »f phisology bio
chemt try  pathology, and the rest’ It I were a
benevolent dictitor I would d mand the young man
who wishes to become a prictimg phys cian m a
te ching hosp tal should have pent a jear or two in
one of these  basc  dep irtments—in mv View after
he ha larned  chinical nous an the wards 1f he
wish  to take a specal imtere t in re piratory dssea e
he ought moreover to work an the rele ant saent fic
dscphns ncluding the carrymg out of pecn! d

the exerasim, of his mind on the
n ol ed Later when he s a phys an
will eventually become to0 busv to do th m hm
self but s laboraton, work wil] always reman a_a
background and he will be at home mn the field He
will b abl to we it s a basis for self criti 1sm to
chech the accuracy of h ¢l 1 observation Iie w 1l
alme t ¢ rtunly come to know better than the
«ienti t how appl cable laborato y fests are to his
chimel ta k  adeed 1t 3s he and he o ly who can
mt grate the chnical and labor to y dy.;:] s and
b tle to wmswer the practical quest on which I have

wd  ted esler
I h d ntended earle but forgot o re ter a
protest ag i t th respratory physiol sts use of

the term

fibro 5 —e en when
log

| sbro 15

o

wh nthey menn  Yes  but not physiologi £ surely?

Professor D SILVA

One aspect of the m 1uement of fespratoy
function onc fns the aw s m nt of the Mmech ncal
function of th lung Ther a a number of object o
to th ' determn tion of th ~ma mmum breath ng
ap aty such a (a} the n ed for { 1! co-operat on by
th patent whilt performin, a d ficult respir tory
£ wh h he has U u lly had no pre ou
perence (b)) the v mations whch been
desct b d in the method of perform ng the te t and
{c) peth ps the madwvis b1ty oncln al gound of
Ling a ptient to und t ke the ¢ nsd able
amo ntof e rton cured by the test
W have found that by combnng measur m nt
on Loth the fast ex; atory and the { t inspiratory
wal apa ty cures ¢ po to forecast
usately the m  mum }r tmme capic ty of n 1r 1)
uby cts

Two ponts are o t worthy the fast e pr tory
nd nsprt y cur erent pe and
duigma mumbcathing th tmut of msp ton)
11T pelow the m vmum n | ¢ to y level The f t
pIT tory cu €1 efy lose 16 an expon t leur e
where sth m jo portonof th Tstinspr trycur e
ry close 0t ght lme Thee cur es ar a
g00d fit to the ¢ piratory nd inspir tory portion of
traun of m mum breathing In other w ¢d a

t cng of maximum b thing can be regard d as
md up of potons of § t expiratory and f st
nspit tory cur  Henc by ssumn ihe In t of
np aton to be at dfferent 1 el of full 1 mrato
and know g thed tonof on mplet  pratory
cscle 3t 13 po ible to plot a famuly of curves wh h
wll indicate the relation hup between the  picatory
at and th esedasap entage of the
Mal cap city) at amy assamed le el of nspiraton
These ur es show th t the opuml 1mit of 1n p a



tion raries lohtly  ith the rate of breathin®  From
this dafa_the mavimum \entilatory capacsty (MY C )
atany known rate of breathing can be calculated

A\ companson bets ¢en the MV C calculated from
these theoretical can id ritions correlates ey hughly
with the M\ C directh measured for 1 group of s
normal medic 1 students

ur exper ments on abnormal subjects are not yet
complete but 1t scems prot able that t 11 be poss ble
to forecast the M\ malng  appropnate
™ urcment on the fit expiritory and nspiratory
une alone

Dr W A BRISCOE

1 tmd myself 1n agrecment vith Dr Coope's eny
wise remarhs and ha ¢ at times had doubts as fo
the chnical u fuln ss of studes of the mcchamsm
of the lun On u h occiion one hould remember
that the acqui 1tion of useles but interest b, new
hnowled e 15 1ts own justficat on Fhvsic Ds were
apply ng tourmquets for hrmorrhage before Hunvey s
disco ey of the circulaton and hi dicovers mi ht
thus ha ¢ been r arded  useles by the phy ician
of hi tumc

J dnd that J dd not «plun sufficsenthy clearh

why llood t Len fom 4 wed ¢d catheter 1 not a
<amjle of tlood n th pulmemin  en so0n s
vou ed e the ¢ tht 1ixnd flo  throu,h  group
of al col tojp d nd the ontiu ton of en
tlation  wit n th~c | coll ontanng ~s hch
pproache mpir d i i ompoition Vhen puf
mon nn nou tlood » vathdr  nontc the catheter

t must lose carbon dio 1dc and t ke uj some oxyoen
as th  esult ot 1 cxpo ure to inspired aif n these
alieoli There 1 ¢ den e of the low €O lues of
such <amples i the Scandina 1an 1ter ture I this 1
Dot realied wed ed cath ter <amples msy be in
terpreted as represcntat e of pulmonany enous blood

Ne ha  he rd a lot bout diffuion I should
now like to sa a few word about uneven ventilation
perfu on r tos and the ¢ny | rpe contribution they
m ke to the 1 ¢olo arterial oxsgen oridient of both
normal and empby ¢mateu  ub) <t at rest bre thins

*

Liehteen_m wine studic were don on tx normal
subject N Dr Courn nd_ departm nt nd nterp eted
by new techmques The | colo rt mal owoen

gradient expected from the m ng tud saf th lunes
were e enly perfu d ith blood a4 10 mm H,
with a t ndard de 1 tion of » mm Tl ompon nt
due to une en venul tonperfu on r tios 3 only
part of the total gadent about mm Hgz must
be added for the shunt of blood p st the ) eohi and
or les for th dffuion gradent The
threc component s thu bout 13 mm
. How ¢ thc ob  d intal gradent n normal
subjects 15 only  bout 10 mm with a standard
d 1 tion of bout 5 mm It apjcar that our estumate
of the comgonent due to une a1 entlation perfus on
ratos m 3 be sl htl too gre t It wa alculated
on the as umption th t th lunw are cvenly perfused
w th blood There arc only t o possble ays in
whch ths component could te smaller e ther our
data are wrona of else th e s unde perfusion of the
Jes well cntlated [ eoli in the normal funv In
erther case the compon nt due to une en ventilation
perfus on ratios 18 b _far th bese t component
th  al enlo-arternal oxie n grad nt of th norm 1
r tin. ubject breathn

1 mm
total of the

Tn studies on emphysematous subject 1 Dr
Cournand s department the same general conclu 1ons
hold Uneven ventilation perfusion ratios account for
a \ery large part of the total alseolo-artemal oty n
gradient <o much so that it may be necessary to
mohe under perfu son of poorly 1entilated 2% ool ta
explun the dita

Dr A BRIAN TAYLOR

Dunne the last fae years my colleague Dr
Armitag  working 1n  Professor Melville Arnott s
Department and I ha e used a non spirometric tech
Dique for d flerential study of the two lung ipa t
from the general information obtaned 1t has been
of particular use before operations such as pneum nec
tomy to assess the competence of the remammmng lung
to support adequate espiration and also 1n cases of
tung cyst and so on to indicate the need for surmeal
t catment to mncrease the function of the affected s de
It has been a s mple procedure At the end of routine
bronchoscopy and local anaesthes a_samples of expired
3 are  ithdrawn simultaneously by thin tubes from
e ch main bronchus and fom two lesels i the
trachea These are analysed for ovygen and carbon
diovide cantent and the resprratory quotsent obta ned
Analy s of the relatinnship of the respiraton quotient
of exch lung to that of the tracheal samples ind cates
the relative contnibution each lung 1s mak oo to total
e p rat on

A number of cises ha ¢ no  been 1n esti ted In
this way Chmcal estmation has supported the find
and post-operatne results ha ¢ conformed with
expectation One case of total bronchiectasis i one
lun, wa found to ha e 19 , of the total esp ration
com ng from the affected s:de and resection seemed
100 ha ardou This was confirmed as alte 1nsshng
on operation the patent s post ope at: e course was
stormy and subsequent small esp ratory ifection led
ts f tal o

Dr HUGH JONES

Dr Hueh Jones emphasised the value of usin the
dv<pnoe ¢ nde  (ratio of the ventilation requ red at
a hfio n rate of exerci e ta the mawmun ventlabon)

cr emno te t for lune functon studies As
Fletcher pointed ont 1f the standardi d
fon  (SV ) o t used as the measu ¢ of entil tory
cont of work th n 1t did not matter whether
i te as acheved nor wiun Lmit ho lon the
suby ct was able to e ercse provided the work = ¢
done at a rate for hich the normal standar ;ed
entilaton as known Vith the steptest d cn
ane anemometer the apparatus

ne s the measure of ma mum }
flfeg; dispo ble polythene b s ve dTy ava l::lp
commereially would probabl easly over ome }onps
not  and the p obl m of sten] sation Dr Hu Jor
agted i D Do R ¢ ud < den <0

rfacmance te ¢ por e dv

oM ot elated to the dyspnoea for any othe p:;’; N
Lo enda tah for whih a specfc te £ R iE
needed The ndiidual valu s of the SV an N ed
mea ured as D Fletcher desenbed w Te aC



asp Immn £ s 10t sts of lun, function one re on
for g the one to the other was in assessing _for
eampl chan i dy {nxa and th mechm m af

tht change a_the result of lury or h art surgery
In this respect Dr Hugh Jones agreed ith Dr Coote
rmarks bout th alue of cha ¢l judyment tut 11t
that if a 1gn or symptom could he me ured then
me  Tement was better than judgment e had great
ympathy with those who felt that more nd more
1 function tests were being produced but sad that
twa no evdnt thtcert in group of tsts were
weful for rout ne assessment  nd he showed sldes
of the pro f rmas for those to be u ed at the London
Postor duate M dc | School H mme m th Ho ital
On dficalty with Jun” functon t ts was th t th

r nges of norm 1 ajues e e depend nt on the part
cular pitient s a ¢ scx body pasition t the t me of

th test and so on Apatfom the mple dv pror
nle the lun volume were often d n in a clos d
< cut apparatu as routin 1 mc surements Th
remaind 1 of the tests fell nto 1wo g oups The first
g P holped w th analyse of a lowered seat ltory
capac ty and on 1sted of s mple timed ital expcaty
d m xmum expiratory flow t sts or the slghthy
m  complex analy 15 of the work of breath ng b 1n
methods de loped by Me d and Wlittenbery, r (2)
Th second gro p analysed e ercise vent) tion nd
lood gas t msons ndies of enul tory
ieq 1ty (1) now much s mphficd at Hamm rsmith
by uing th u ag\ln mass spect ometer desgn d by
ad finalls ca bon monowid uptake f
me Sur og gas transf r to th blood

At H mmersmith they w re st rtin, egional gas
sampling w thin the lunigs using the mas  spectro
@eter whi b 23 Dr Brian Tavlor h & mentioned itom
w0k at Bimingham mght well uper ede broncho-
P om try and certanly g € 1ddin gt nto lung

faontan
Dr H gh Jones fin hed by m kng two omment
9 the th “ctical potoof |ng fu cton test
Ad erse ¢ ttic sm of some fests as  m cc £ te  and
. p;mh Tef table co 1d b i placed the mpor
tid foratstwasis  dic mination o mely
by Jepeat blity clated to the ran e of ch nge t
mal to go ly abnorml subjixts

re fepe table but | ds
ntilition

1
W3 oy o 8y s w th the measurement of length

riherthan ashortocw tob
L By e Wb co e & ons (analo o
Tadt fPeatabity) m bt then be aufctn

often sal tory to reflect wh th r tests

™2 ed what o ¢ tho ht they d d
o &ht they dd and he descr bed
oo Jmalys s o Statstical p oerdu o fin

as'an thee (;)Ient on e t measured the same thing

. REFERENCES

1} Hgh Jones

‘ )f;_‘ Jones, I: ;;nd Lambert AV (19 )

tad J and W

o ;‘."l’" Phya:’ N ;utylmbcrger J L (1953) J
s » J C and Hugh Jones P (1955) S
Rep Ser Ated R g 4
Hso o prem)u Con. Lo d N'n 290

Dr McKERROW

uem nt of ventlatoy capacity on

10 the e
TIvently i 3 that th ma mum breathing cap city

st takes e ther too much time or n cesitate 100
much cooperation from th sub) ct We have found
th's to be pirticularly true 1n some feld survey work
in whi h we hue attempted to collect information
on the ventilatory capaity of la ge group of subjects
In these caws we have used the timed | tal capacity
(TVC) which as Pofe sor DSihva has sad has
ce tan theoreticnl dsad ntages and yet we feel 1t
1o be suffic eatly accu ate for our purpose

1t ¢in be seen on the shides that the relatonsh p
between the MV V or MHC and the timed wital
capiaity 15 quite a_satisfactory one in tre feld
olieriaton studes The correl tion between the two
te ts 15 about 08 which su gests that at amyrate
they t me sunng the same plys ological function
althougt such a correlation 13 not hgh enou h to
nabl one fo pred t the actual results of on test
from the other Th remumng two sldes illu trate
1h repc t bility of the te t  hen done in the sam
group of people on two different davs and also when
done on d fle ent oc asons by two d Berent ot server

Agin t can be sten that the agreem nt m both
we satifactory
Dr PAYNE

1 ould bk t mention the us of Profc snr

Don 1d's Kesp 1 tor in the ¢ e of an elderly wom n
who d eloped re pi tory falure following il t ral
adren lectomy As tespr tory falu  was ocomplete

w  felt that some jorm
mech nsm would be most suit ble to
sesp ton  She iherefore  onrect 4 to the
Incum ton and adequite nulaton m nt ned by
th me n fora pe od of thrty hours

Inth cacth Ppum tron ertamly pro d tis
worth but the are 1 thiok three mpro ements
which ould u fully b m de —

1—A queter me h nt m would be_ bnon to botl
12t nts and staff {und st nd f m Profe sor Donald
th tthis nfact sbeng provid d

2—Vo prolon ed u  some type of humid fer

ntiab

3_An mdc tion of the olume of gas beng
11 vered per bre th would b vain ble

Dr A B KINNIER WILSON

Patents with  re p Jomyelt oftn h e vy
unst bl cardio scular y t ms R sons fo asudd n
fall n blood pressure m gt t incl de —

1—P 13l destru tion of th  somotor ¢ nt 1y

o proce Eng t om has hown that ths m v
b mpattle wth dry iu gs 1nd no mal blood
es m ceretep fof ca

—Interlcrenc wthin p aton by trache | ction
T r s w thdrawn b ck into the sucke
before 1t eaches th al eoli  using a precipito £ 11
I 1t nal axyg nation

3—Postur | drana e m ncew tes whch cause a
udden n fexe n the numb r of blocked broncht a

pad rmo al of accumulated CO a
when the arw v s sudd nly ol ared and the ventil
t not reduc d Thi
cipito s fail of the previo sly m re
Th

43

sed blo d pres u
e 5 p rtoula ly dffcult to de | with



0: C M QGIVIE

Dr € M Ogivic sud that the anterpretation of
«lues obtain & for diffusing capacsty and the cluatcal
apphaition of this measurement must depend upon
th™ establishment of & noym 3 ran e  The wide
sarntions 3 normal walues reported in the hiteriture
are due 1n part to differences of techmque but it s
apparent that there are also real difletences 1mong
:K‘.«zm aormil ubjects In Dr Comtoe s {aboratory
w Philadelphia  the  single  breath test  gwme
reproducible yalues for diffssing capacity (for COJ in
the same subject but resting lues ranging from
11 to 40 ml/mm /min were obtamed im 4 group
of heatthy male aad female ubgects of vined age
angd size It was found hos ever that there 1+ a
defimte correlitiont hetseen dfle i, capioty and
body size (which 1 presumably related to the ize of
the $iffp 1ng surface of the lung) 120 that normal
value for women are lower than tho ¢ for mn Mo
gmficiat d @etence was noted between the salues
obta ned at rest in the nd old age groaps
Cohn et al  (1954) have reported that the  maxim1
dffang capictty (for ovygen} on exeruse pro-
gre s ely decreases with age Thy maxmmal salue
does take 1o accennt the mhole area of pulmonsry
eapilfany, bed avatlable for ga  exchinge
<alues showld be sensithve lo a d flwse change 1.
capillary permeabtlity but mught not reflect a sl
reduction n total capiiian are mnce the whale of
this 18 not required ta function at rest A low mavimal
diffustng ¢apacity with a notrh § lue at rest in older
subjects mas th ¢ fore inditate  reduction i the
aumber 0f capitlanes a alable fo gas ¢ ch nge
rather than an alteration in ther yermeabilsty
could be due to the obhieration of larger vessels and

docs ot necessariy gomt 1o any degeserative of
ather prmary process i the capilanes themselyes
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Dr K W DONALD

Dr K W Donald stated that he could not tnimely
gree with De Bates that anemma of stself aould cause
Teduction of the diffusing capacity of the lung Ina
normal resting person breathing axw only 23 of the
hxmogiobin arnaing (n the alveolus was reduced and
ulable Jor ovpaenation Wherfas 3 a Persan € efcis
g violently there would be three times 83 much
reduced hamoglobm available 1 the same quantity
of blood 1 would mot be suggested that the o
capacity was raised because of this Further 10 cases
of anuTin there was usually a considerable imczease
of bload flow 10 umt time Ahrou h the aheolar
capmlaries The awdity of the blood for gas bem
¢ neerred certawnly affected the guantities crossim
the membrane but it was the diffusional pmpmns«;(

expre %d a5 a quanbty of gas transferred)gas temsion
gracient utg

1derat ons Dr
concerniag the value of exertre studcs on patierhy
camplamng of symptoms donng ¢ erce Even i o
measurements vere obtamned one had f 1 more 138
nto their exereise tolerance Many pahent aert
through no fault of their own very virel ahle witnesses
about their 4 sabal ty on exerarse












