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Clinical*observation suggests that there is a time-lag
between administration of corticosteroids to asthmatic patients and
the appearance of improvement, This study was designed to fol-
low changes during the period forty-eight hours before to thirty-
six hours after the administration of a single oral dose of 40 n
of Prednisolone to chronic asthmatic patients. The investiga-
tion was divided into two stages. Besides the effect of pred-
nisolone, the effect of a single intravenous dose of 200 mg hydro-
cortisone was also studied in the second stage. A mumber of
pulmonary function tesis was us-d to monitor the effects of the

drugs givens

A statisticglly significant improvement in F.E.V, (P( 0.025)
could be detected ong hour after prednisolone administration, a
statistically significant increcase in P,E,7,R, (P< 0,001) ocourred
two hours after the drug had been given. In the group as a whole,
the maximum change in various tosts occurred nine hours after pred-
nisolone had been given. The change in P.E.F.Re and F.E.V.1
was still statistically significant (P<0.05; P<0.05) thirty-three
hours after administration of prednisolone but had fallen to non-
gignificant levels by thirty-six hours. However specific con-

ductance when last measured, thirty-six hours after treatment, was

still significantly increased in the sccond group of patients

Use other side if necessary.



studied (P< 0.05).

In contrast, the mean change in P.E.F.Re was significantly
increased, one hour after the intravenous injection of hydro-
cortisone, the peak effect being attained in five hours. Tie
mean change in P,E.F.R. was no longer statistically significan!

twelve hours after the injeéction.

" Pulmonary gas exchange was studied before and nine hours

after the dose of prednisolone, in the sccond stage of the study.

Arterial PO, rose in all paticnts and the alveolar-arterial PO,
difference decreased. Dead space:tidal volume ratio showed
little change.

The changes in pulmonary funection found in the chroniec
asthnatic patients investigatcd duringthis study appear to follow
the time course of other biological effects of corticosteroids,
such as those on carbohydrate metabolism and circulating cosino-
phils.
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SUMMARY ¢

Clinical observation suggests that there is a time-lag between
the administration of corticosteroids to patients suffering from
bronchial asthma and the appearance of improvement in their condi-
tion. Although various time intervals have been suggested, no

systematic physiological studies have previously been carried out.

This study was designed to follow the course of events during
the period forty-eight hours before to thirty-six hours after the
administration of a single oral dose of 40 mg of prednisolone to
patients with chronic asthma. The investigation was divided in
to two stages., Besides the effect of prednisolone, the effect
of a single intravenous dose of 200 mg hydrocortisons was also in
{studied in the second sfage. Greal care was taken in selccting
patients to ensure that they were in a stable state. Patients
were given placebo tablets on two days prior to the administration
of prednisolone and on the following day. Eleven patients were
studied during the first stage of the investigation and twelve pati-
ents during the second stage. Various pulmonary function tests
including dynamic and static lung volumes, body plethysmographic
meagurenents and flow-volume curves were used to monitor the offect
of prednisolone. The tests were performed at fixed times during
the day. Peak expiratory flow rate was measured hourly for

twelve hours after the administration of hydrocortisone.

A statistically significant improvement in F.E.V., (p£0.025)

could be detected one hour after prednisolone administration, a



statistically significant increase in P.E.F.R. (P 0.001) occured

two hours after the drug had been given. In the group as a whole,
the peal: effect in F.E.V.,, FeVeCoy PolloFeRe and Slaw ocourred nine
hours after prednisolone had been given. Plow-volune curves
neagsured at the mouth and static lung volumes showed parallel changes.
The change in P,E.F.Re and F.E.?.1 was still statistically significant
(P 0.05; P 0.05) thirty-three hours after adninistration of pred-
nisolone but had fallen o non-significant levels by thirty-six hours.
However, specific conductance when last measured, thirty-six hours
af'ter treatment, was still significantly increased in the second
group of patients studied (P 0.05).

In contrast, the mecan change in P.E,F.R. was significantly in-
creased at the time of its first measurement, one hour after the
intravenous injection of hydrocortison~, the peak «ffect being at-
tainecd in five hours. The mcan change in P.E.J'.H, was no longer
statistically significant at the time of the last measurement,

twelve hourse after the injection.

Pulmonary gas cxwochange was studied before and nine hours after
the dose of prednisolone, in the sccond stage of the study.
Arterial P02 rose in all patients and the alveolar-arterial P02 dif-

ference decrcascd. Dead space:tidal volume ratio showed little
change.

The changes in pulmonary function found in the dironic asthma-
tic patients investigated during this study appear to follow the time
course of othcor biological offccts of corticostcroids, such as those

on carbohydrate metabolism and circulating -osinophils,
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INTRODUCTION,

The word asthma is derived from the Greek, which means
"panting". The first clinical doscription is attributed to
Aretaeus (ca. 300) who, emphasising the broathlessncss of asthmatic
patients wrote, "they agerly go into the open air, since no house
sufficeth for their r-spiration”, Van Helmont (1662) has provided
us with a vivid description of a monk who had attacks "as oft as any
place is Swopt, or the Wind doth otherwise stir up the Tust"; the
sane monk also had attacks when "he eateth Fi?hes fried with Oyl".
This is probably the first refer nc to allergy being involv:-d in
th aetiology of asthma. He is also thought to be the first to
suggest that asthua is du to a "drawing tog-th r of th small st
terminal bronchi” (Speiss, 1840). Perhaps th- most 4 tailed
description of asthua is that of Thouas Willis (1584) who identifi-d
two forms, "pnsumonic" and “econvulsive'. He associat d "pneunoanic
asthma" with "obstruction of the bronc i by thick hunors, sw~lling
of their walls and obstruction from without”. He b-1licved "con-
vulsiv® asthma to be due to "compression of the Bronchia, from the
more Cramps of the moving fibres". In 1698, Sir John Floyer,
hins 1f an asthmatie, published his classical book on asthma.

He adopted Willis's classification of two forms of asthma which hr
called "periodic” (convulsiv ) and "contimed" (pneunonic) and
assign~d as a caus: for th paroxysus "a contracture of th- muscular

fibres of the bronchi”.

Long:t, in 1842, first demonstrated that stimilation of the

distal end of a cut vagus nerve induced contraction of the bronchi.
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He gave mom ntua to the thoories of "nervous asthma", first hint~d at
by Cullen (1784) and which were -laborated by Hyd- Salter (1868) who
believed that th- lesion of spasmodic asthma resided in the vagus.
Salter's book is notable in its account of the clinical aspecis of
the disease; he dcoscribed eosinophils in the sputum before they cane

to be en-llad as such by Zhrlich (1879).

For a long time asthma was consider:d to be a disease of moderate
morbidity and negligible mortality. Inderd, Oliver Wendell Holmes
is quoted in Osl-r's book as calling asthma "the slight ailment that
promotes longevity™ and Troussean called it "1o brovet de longue vie".
Until Huber and Koessler's paper in 1922, it had besn claimed that
death did mot oocur in th: asthmatic paroxyss. Although the
dangers of asthaa are now fully appreociated, it is disturbing to
con: across statements in th: literature such as "Bronchial asthma
alone rarely caus-s d-ath. When it does prove fatal it is due
either to th: concurrent bronchitis and bronchiolitis or to h art
failure (cor pulmonale)", (Spenecr, 1968).

Between 1959 and 1966 a stc-ady rise in mortality fro=m asthma
was observed in ingland and Wales, th: increase being more pronounced
at ages 5 - 34 y-ars. Speizer -t al (1948, a) showed that th
rise was rcal and not due to a change in diagnostic mdhods or regis-
tration of cause of death. A similar but less marked increase in
dcaths from asthma, largely confined +to the 5 - 34 age group has
also been reported in Scotland (P:ndreigh, 1968). Speizer et al,
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(1948, b) subsequently examined tho possible r-asons and concluded
that th- inor ase in mortality was most lik:ly due to changes in
treatnent. Sympathominetic aerosols and corticosteroids wre
the only drugs to have been us-d by a larg- proportion of th- pat-
i'nts who di-d. The use of corticosteroids, which had b-en
introduced in 1951, did not s.em to b relat-d to th- cause of
doath and sywpathomimctic zerosole, introduc-d in 1951, wer in-
criminat-d. Following the publicity giv-n to the possible
dangers of -xec-ssive inhalation, ther- was a drop in sales which
has been parallel~d by a dowmeard tr-nd in the r-ported mumber of

deaths due to asthma (Inman and Adelstein, 1949; FPras-r et al 1971).

Several mechanisas wher-by symupathomimetic aerosols might be
responsible for the iner-as: in asthma death rate have be-n sugg s-
ted. Yi: The: indmction of fatal cardiac arrythmias by sympatho-
mimetic druge, esp cially in th- hypoxic stat-, is on- of the -xplana-
tions giv-n (Lockett, 1965; Gr-enberg and Pines, 1957; and Collins
et al, 1959). Fluorocarbong, used as prop-ll'nt agents in the
acrosols, have also ben blan-d for producing arrythmias (Base,
1970). lor: recently, Conolly and his co-workers (1971) hav-
claimed that prolonged administration of these bronchodilators
might result in resistance b-ing developed not only to the sympatho-
mimetic drugs thems<lveos but also to endogenous sympathetic stimla~
tion. They suggest that this could have led to the det-rioration,
and finally to death, in asthmetic patiente using sympathomin-tic

aerosols.
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Asthma, which may best b: regarded as a comple: functional state
which can be trigger-d off by a wide variety of agents, still presents
a great nunber of difficult problems and thoere are far mor: questions
to be asked than answ rs to be given. Although there have been
several attempts at defining the condition (Ciba Guest Symposium,
1959; American Thoracic Society 1962; Scadding, 1969), there is still
no agr-em-nt between ecliniciang, respiratory physiologists, inmnolo-
gists and pharmacologists on a final d«finition. (Working Group on the

Nefinition of Asthma, 1971).

Naturally, this lack of agre-ment on a final definition, makes
the s-lection of patients for a study of some of the aspects of
asthma rather difficult. In contrast to the great amount of work
carried out on the effect of sympathomimetic drugs in asthma there is
scanty information available regarding the time course of action of
corticosteroids in this condition and comparatively little data on
how thess dmgs alter pulmonary function in asthma. A systematic
study of the effects of corticostercids in chronic bronchial asthma
has therefor- be'n ecarried out in an attempt to try to find out when
and in vhat anammer pulmonary function alters with this foram of treat-

nent.

For the purpose of this present work, chronic asthma is Aefined
as a condition in which diffuse reveorsibl- airway obstruction is
pres:nt contimously, with, and somctines without, brief spontaneous
remissions. It was considercd impractical to carry out this study

on aoutely ill paticnts, The roasons for this were two-fold.
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Acutely asthmatic patients frequently require other forms of therapy,
such as intravenous aminophyllin, which would interfere with the inves-
tigation; it would have been uncthical to withhold such drugs from
these paticnts. Purthermor«, patimnts with acut: asthma, booause

of the very nature of their illness, would have found it extremely
difficult if not impossible, to co-oprrate fully in carrying out ro-
poatedly the number of tests suployed in this study.
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THE ASTIOLOGY AND PATHOGENESIS OF BRONCHIAL ASTHMA,

The aetiology and precise pathogen-sis of bronchial asthma are
sti 1 uncertain although a great deal of evidence is now forthcoming
about the various factors that are capabl: of triggering off an
attack. The relative importanc of gen-tic pr-disposition, enviro-
nmental allergens, inrmnoleogical mechanisms, infection and emotional
factors, in det rmining the different patt-rns of the dis-as- is far
from cl-ar. It apprars likely that these various factors contri-
bute to = diff-rent drgr-e and in a diff rent mann-r in various
patirnts and act upon some final common path resulting in the elini-

cal picture that is so woll known.

(i) Her-ditary factors.

As early as 1916 Cooke and Ven der Veer stross~1 the hereditary
nature of allergic discas-s. Howev r, a® pointed out by Ratner
and Silb-rmam (1953), although the oclinieal evid-ne- of inh ritance
of atopic diseases is often very sugg-stive, th: evidence ie not as

conclusive as it is sometime-s made out to bo.

Williame and Williams (1949) found that about 507 of patients
gave a history of allergy in c os« relatives Schwartz (1952)
produc:d evidonco suggesting that asthma is an inherited disease
and pointed out that both vasomotor rhinitis and Besni-r's prurigo
were genctioally r-lated to asthma. Hflis evidence for = her di-

tary fictor in the aetiology of asthma has been claimvd to be the
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best available in the literature (Prankland 1968), A genetic
rclation betweon asthma, atopic dersatitis and atopie rhinitis has
also been found by Schnyder (1960). Leigh and Marley (1947)
found that about 407 of firet degree rolatives of patients with
asthus develop-d the disease by the age of sixty-five years.

Rajka (1960) pointed out that what may be inheritod is not
tho allergie manifestation tut the allergic disposition. Al-
though it has beoen suggested that atopy is d-termined by a single,
autosonal, dominant gene with reduced penetrance (Schaydcr, 1940),
the xact grnetic factor and the mod: -  inhepi: uce are still far
from certain,

ii : 8.

Bronchinl asthms is often very broadly classified into two
major sub-divisions, *cxtrinsic'! and 'intrinsic' asthus. In
-;xtrinaiolasthm an e.ternal allergen can be demonstrated, the age
of onset is usually early and a Type I (Gell and Coombs, 1968)
immediate allergic reaction is gonerally the cause, The t.rm
intrinsic asthma was applied by Rackesmann (1947) to desoribe a
group of patients in whom no external allerg'n could be showm
(prick tests being negative to a wide range of antigwns) and whose
syaptoas bogaa in adult life. Although the division is a con-
venient onc, it must be realised that it is only provisional, as
allergic factors may in du- cours: be discoveored (Crofton and
Douglas, 1969).
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The type of hypersensitivity most commonly encountered in
oxtrinsic asthma is that due to a Type I immediate rcaction,
In Type I allergy the antibody responsible for mcdiating the release
of pharmacological factors responsible for this kind of asthma was
originally termed "reagin" (Coca and Grove, 1925). It is a heat
labile, "non-agglutinating®, "non-precipitating' and *non-complement?
dependent® antibody. Reagin has been shown to b-long to a s par-
ate olase of immunoglobulin (Ishizaka et al, 1955, Johansson, 1947)
now termed Ig2 (WHO, 1948). IgE is present in very small quanti-
ties in normal individuals, but lrvels of over 700 ng/ml, repr-sent-
ing a si -fold increas , wer found in 63’ of a s-ri 8 of patients
with extrinsic allergic asthma (Johansson, 1967). 1% appears to
b- produced in the lymphoid tissu. of the respiratory tract, esneci-
ally in the tonsils and in plasma cells in bronchial walls; as well
as in the gastrointestinal tract (Ishizaka and Ishazaka, 1970).
It has recently been shown that leucocyt s capable of r leasing
histamine when challenged by an allergen ar< mainly coated with IgE
immunoglobulin (Assen and lcAll n, 1970). Stenius and his associ-
ates (1972) found no correlation between total Igi, amounts of
specific Igdh and the age of onset of asthma or with its sevirity and
duration. Total IgZ may also bo within the "normal" range in

atopic subjects in whom specific Igi is prosent.

There are innumerabl allergens that have been implicated in
reagin mediated asthma. Th 7y inelude such commonly ncounter-4d
substances in the environuent as pollens, animal dand-r and fur,

and the rec ntly d-serib'd hous dust mite (Voorhorst et al, 1954).
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Begides the well established -vidence for the role of immediate
Type I allergy in bronchial asthaa, it now se :8 probable that asthna
may 2leo be initiated by hypersensitivity wechanisms which do not in-
volve reagin. Pepys (1972) thus subdivides xtriteic asthma into
atopic and non-atopic types. Popys and his co-workers (1948, 1949)
have sho n that precipitating, h-at stable antibodies, which ar coump-
lement dependent and nmown to b- important in Type III reactions, may
play a part in asthma developing slowly over sev ral hours, beconing
maximal about s.ven to ight hours after allrrg n e posur-, In
this type of e trinsic, non-atopic asthna it is the partiocular ~nviron-
mental -¥posure which is of primary importanc , wher a2s in the Type I
group it is th- subject's constitution which is so (P pye, 1970).
Late asthma of this typ- has be n associated with Aspergillus funiga-
tus infectin: and has also been shown in bird fanciers using avian
protein extracts and in work rs -rposed to -nzymes extracted from
Bacillus subtilis. In ecertain circunstanc s, ~.g. bronchopulmonary
asprrgillosis there may be a combination of Type I anﬁ III reaction.
The patients when challenged with atracts of Asprrgillus fumigatus
drvelop immsdiate airway obstruction which rapidly r solves, only to
recur after four to five hours, wh-n it is nor sever and persistent

(Pepys et al, 19458).

Intrinsic asthma remains a very obscure form of the diseasa.
There is no evidence in this fora of asthua of any history of e trin-
gsic all rgy or of a Typ- I allergic reaction to skin or inhalation
tests. Igf lev:-1ls in this group have been reported to b wither

nornal or low (Johansson, 1957) in contrast to the raised lev lsi.
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extrinsic asthma in which a direct relationship has been shown between
the amount of Igh and the number of allergens to which the subject re—
acts (Wide et al, 1967). In the intrinsic asthma the blood cosino-
philia tends to be higher than in the extrinsic form, Assem et al
(1971) have reported that the white cells of some intrinsic asthmatics
whose total Igh levels are within the "normal" range, seem to have
more Igh attached, of a comparable degree to the Igh content of the
white cells of extrinsic asthmatics. This appears to constitute
some evidence of an Igi reaction in the intrinsic asthmatic. Hall
et al (1966) first reported that women with intrinsic asthma appear to
have increased amounts of autoantibodies especially to gastric parie-
tal cells, thyroid and nuclear materials, compared with women with
extrinsic asthma. Smooth muscle antibody has also been found in a
small but significantly greater proportion of patients with inirinsic
asthma (Turner Warwick and Haslam, 1970). It is unlikely that
these antibodies are responsible for intrinsic asthma and probably
only indicate an increased immunological responsiveness present in
patients with this form of asthia (Turner Warwick 1971). of

course the possibility that non-immunological mechanisms may have a

role to play cannot be discounted .
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(iii) Poseible role of pharmacological mediators in bronchial asthaa,

Host of the Imowledge at pres-nt available about the various

chenical m-diators and their possible role in bronchial asthm, has
be-n obtained frou emp.riments in the guinea pig, in which the res-
piratory tract is tho first target organ to resct, and react in-
tensely, to anaphyla-is. Herrh-imer (1967) wrot- “guin-a pig
bronchi react in a sisilar way as husan asthmatic bronchi.

These rperizents have served as a basis for a much narrower range
of elinical investigations in man. Although pharmacologists
point out that the chenical mediators released following an anaphyl-
actic reaction are similar and their effects on trachea bronchial
mscle coumparable in the two species, immunologists havs found out
that the sensitizing nechanisa of guinca pig anaphylaris differs
froa that of atopy in man (B no rraf, 1948). Interpretation of
results obtainel in animal ->p riments mst therefore be applied
vith great caution to the human situation. Thus although 5-
Hydroxytryptaain: is imoim to be an important chemical nediator in
gome species thrre is no direct evidence commecting it with hunan
braachial asthma.

when isolated lungs of sensitiz d guin o pigs are perfus-d
with antigen in saline, various bronchoactive subdinces or their
precursors appcar in the p rfusate. These substances includc
histanine (Bartosch, F-ldberg and Nagel, 1932) slov reacting sub-
stanc: of anaphylaris (SaS-i) (Kelloway and Trethevie, 1940),

kallilrein (Brocklehurst and Lahiri, 1942; Jonasson and Brek r
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1956) and the prostaglanding E2 and 72 (Piper and Vane, 1949);

Rec ntly a factor abl: to attraect eosinophils, called eosinophil
1-ucocyte chemotactic factor of anaphylaris (ECF-A) (Kay and Austen,
1971) has beon identified. In man, definite vidence is now avail-
able that histasine, SRS-A and DCF-A are pharuacological nediators
associated with anaphylaris. No reports on the release of kalli-
krein or bradykinin froa antig-n-stimilated sensitiz<d bumsan tissu-
have bren MI:I.IMQ thie is algso true of the prostag andins 51, E2 and

2. .

Histasine.
Since the identification of histaiine by Barg'r and Nale (1910)
a7l the datcrmination of its pharmacological setions by Dals and
Laidlaw (1911) ther- has be:n a great dsal of evid-no- linking
histazine r-lease with hypersensitivisy. Katz and Cohen (1941)
firat reported thet hiStanine ias relesssd froz ibe $issuss of an
allergic individual when they shoved that whole blood of a patient
vith ragweed hypersensitivity 1ibeorated histamine when incubated with
antigen, Histanine wac 1 :$er shown to b releasel by the antigen-
antiboly reaction from husan isolated lung (Sehild -t al, 1951; Hawkins
and Mongar 1944; Parish, 1967; Assex and Schild, 1948). The
available data regarding dlood histasine l-vels in asthaa is oft:n
omﬂicting._ Soze suthors have r-ported increased levels during
attacks and noraal or only slightly el wvated 1lv-1s in the asympto-
matie period (Jimen-z-Diaz et al 1955: Konoshita, 1953); others have
found no increase in blood histamine levels in asthaatic patients

(Pze- 18 and Yel mans, 1947%) or in plasma histamine lav 1s (Reall,
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1963). Serafini (1948) measursd blood histamine l-vels during
asthaatic sttacks over a poriod of 1 Chours, samples of blood being with
drawn at fixed time intorvals. He report-d an initial rise in
blood histamine at the onset of the attack, amickly followed by a drop
to below normal values. Porter and Mitchell (1970) have rec-ntly
roported blood histamine lvels, in children with asthmatic symptons
which were significantly higher than in a control group. Theso
levels fell to near normal values in the a2symptomatic period and
during long-tera storoid treatment. The significance of histidine
d-carbo-ylase, the enzym- involved in the formation of histanine is
a_‘till not suffici-ntly apprecciated. It is known however, that its
activity can be very quickly iner-as-d as a rcsult of stress (Brockle-
hurst, 1968); and it ie conceivable that this night well be one of the
mechanisng involved in the triggering off of asthma during periods of
particular stress.

sz SHS=A

Thers i® a great deal of indirect evidmmo: indicating that SRS-A
has a rol- to play in asthuma, although the importanc: of such a role
has not as y-t been definitely evaluated. SRS-A was detectable when
lung tissue from asthmatic subjects was brought into contact with the
sensitizing antigen (Brocklehurst, 1960) and bronchoconstriction was
induced in nman when it was inhaled as an aserosol spray (Herxhrimer and
Stresemann, 1963). It is known that the contraction due to SRS-A
is very long lasting, much more than that produced by histamine.

All the ovidence at prosent available scems to indicate that CRS-A

is formed by “nzynic processes activated by the union of antigen with
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reaginic antibody, wher-as histamine is r-leased from a pre-formed
store (Brocklehurst, 1970). However, although it is fair to con-
cluds that SRS-A appears to have a rol:- in asthma, because it is as yet
very much an unidentified substanc: one can only speculate about its

importance.

() Bredyiinin,

Thers is very little evidence available in the literature
about the formation and role of bradykinin in bronchial asthma.
Austen (1971) showed that it had no action in the normal subject
vhen administered by acrosel and that the response reported in
asthmatics by Herxhoimer and Stresemann (1951) could have been non-
specific. Ther: has ben one report however, that the blood
kinin levsl is raised in severe bronchial asthma (Abo et al, 1967).

d) Prostagland

Prostoglandins arc naturally ocourring fatty acids that are
widely distributed in a variety of tissues. Their chemical
structure was first deteramin:d by Borgstrom and his co-workers
in 1962, Small amounte of the prostaglandins £2 and F2 have
been shown to bo released from the guinea pig lung during anaphy-
laxis (Piper and Vane, 1969) but such observations have not yrt
been reportcd in man. Prostoglandins E2 and P2 have both ben
isolated from human lungs (Anggard, 1965; Karim et al, 1967).
Sweatman and Collier (1970) found that PGE2 relarx-s isolated human
bronchial muscle whilst contraction resulte vhen PGF2 is applied.

Feither atropnine nor mepyranine deseorveased th- response »rofuc~d by
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PGF2 and ther«fore it docs not appear to act by stimlating
cholinergic nerves or by releasing histanine. Cuthbert (1949,
1971) reported that inhalation of PGE|and POIY resulted in an
inereas. in the FEV/ in asthmatics. Hedquist (1971) has showm

a drop in SGaw in normal subjeots af'ter the inhalation of PGF2
this decorcase in SCGaw was over in ten amimates, The function of
prostoglanding in the normal lung is unimown and their r-lationship
with bronchial asthma remains to be proven. Horton (1969) sug-
gested that overproduction of the bronchoconstrictor PGF2 at the «x-
pense of th rela-ants mz:1 and P032 might e plain changes associa-
ted with bronchospass. This, however, is still mere speculation
and th re is no evidence to support it. It has been claimed that
PGE‘ and PGB2 increase leucocytic oyoclic ANP levels by stimlating

adenyl cyclase (Lichtenstein et al, 1971).

{iv) Hon-immmologioal mechanicms in asthma.

In addition to the immnological aspects of asthma it has been
suggested that this condition may also be due to a functional imbal-
ance of the autonomic nervous systemn, This hypothesis was first
put forvard by Cppinger and Hess in 1917 when they introduced their
concept of vagotonia "nd suggested that asthma nmight be due to an
~ye-gssive cholinergic activity.

Mors recently Willians (1950) claimed that "a consid ration of
all rgy as a result of a dysfunctional prepond rance of the cholinergic

portion of the asutononic nervous systen seems to fit the available
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evidence best". How-ver, e perim-ntal support for these stat -

monts has becn lac ing until comparativ:ly rec-ntly.

An important advance in the study of the autononic nervous
systen was made by Ahlquist (1948) who first sugg sted that the
differ:nt pharmacological «ff cts of adr-nergic drugs on smooth
mscle could be accounted for if one accepted th: existrne- of two
sets of recc-ptors which h- designed 2lpha and b-ta, in or n-ar the
target organs affected by thes substanc:s. Beta adren rgic
action, 28 produc d for e-asple by isoprenaline,is associated with
bronchial smooth muscl~ relaration, amyocardial stimulation and
periph ral vasodilation. The b ta reo ptors wer further sub-
divided into the 5, receptors which were comc rmed with the ffocts
on the heart and thef’:? rec ptors vhich w-re mainly associated with
bronchial smooth muscle r-la-ation (lands -t al, 1967). It is
now generally b-li-ved that the b ta rec ptor is an mzyme, ad nyl
cyclase, (Sutherland and Rall 19450; Belleau, 1947; Robison et al,
1967) vhich is thought to be located in the cell meabrane, and
indications are that it may be a lipoprotein, (Sutherland et al,
1962). Adren-rgically activated adenyl cyclas: catalyses the
formation of cyclic 3,5 - AJl.P., an intracellular mecl-otide, from
adenosine triphosphate, in the prescnc- of magnesiun ions.

Cyelic 3,5 = AJJi.Pe then functions as an intracellular mediator of
adren-rgic action (Sutherland et al, 19483). Stimlation of alpha
rec-ptors is clained to caus- bronchoconstriction but as will be
discussed further on, ther is still some controversy as to th-

existence of alpha receptors in the lung.
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Weiss and his oo workers (1929) reported that intravenously
administered histamine produced a fall in wvital capaecity in asthmatic
subjects at dosage lev 1s vhich lef't pulmonary ventilation unaffec-
ted in normis, The hypersensitivity to histamine present in
asthmatic subjocts has now becn d-nonstrated by a muub-r of workers
and shovm to persist ev:n in th- asymptomatic phase. (Curry 1946;
Bouhuys t al, 1960; Dowell et al, 1944). Parfenjev and Goodline
(1948) showed that mice which are usually resistant to the effect of
inj et 4 histamine, devrloped hyp rs nsitivity to this drug after
the injection of a vaecine prepared from Bord tella pertussis.
Investigation of this phenon non in mic~ and rats by Fishel, Szenti-
vanyi and Talmage (1942) showed that the administration of dichloro-
isoprot-rencl, a bota-adren rgic blocking drug, inoreased their s n-
sitivity to histamin~ to the same e-te~t 28 the inj-ction of the
Bord-tella vacein-. Thes: authors sugg st d that histamine hyp r-
sensitivity is th- result of a functional imbalance b-twren the alpha
and b ta rec ptors. Sz-ativanyi (1958) went on to propose the
theory that partial beta-adren rgic blockad~ is the major caus of
bronchial hyp-rs-nsitivity in asthma.

Those observations gained in importance vhen MoNeill (1954)
roported that propranolol, a beta adren rgic rr-eeptor blocking drug,
reduc-d the vital capacity in asthmatice and that this was not rver-
sed by isoprenaline. Similar effects on asthmatics given proprano-
1ol for ecardiac conditions were roported by Besterman and Fri-dlander
(1945). Using the PV, as an index, Zaid and Beall (1966) were

unable to show an increase in hypersensitivity to histaasine in
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nornals, following the aduinistration of propranolol. Using a
body plethysmograph, MelNcill and Ingran (1965), however, showed 2
50 to 100 per cent increase in airway r-sistance in normal subjects
within the firet thirty mimutes of administration of the beta
blocker.  Richardson and Sterling (1959) reported a mean fall of
4.9 in specific conductanc: in asthmaties following intravenous
propranoclol bu® showed no change in normals who wer: given the drug.
HaeDonald et al (1967) had also reported a rise in airway resistance
following intravenous propranolol aduwinistration and showed that
this effect was largely previntaed by atropine. Langer (1957)
sinilarly showed atropine antagonisn of propranolol aerosol »ff ct
in asthaatic pationts,. YMeoDonald and his co-workers conclud-d
that this bronchoconstriction could be explaincd on the basis of
unoppos-d vagal activity. Subsequent r ports confirmed that
atropine aerosol pr:vented a d-wor-as: in F‘N1 in asthmatic patients
who had bren given propranclol intravenously (Grieco 1970; Grieco
and Pierson, 1971).

The effect of beta adrencrgic roceptor block: rs has also been
attributed to their unmasking of alpha adrenergic rec ptor activity
in bronchial smooth mscle (Floisch et al, 1970). Th  pr sence
of alpha adren-rgic r-eeptors in bronchial smooth msel: is a matter
of son  controversy. Forster (1965) found no -vidence of alpha
rec ptors in the trachea of the guin a pig and the sase conclusion
was reach-d by Cabezas et al, (1971) who studi 4 thasirways of dogs.
Giurgis and MeNeill (1969) studying isolated hwman bronchial msecle
also reported results euzgs sting that th adren rgic r ceptors in

the huwan bronchi are of the heta tvna. Rronehial alnha recentors
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have, howev r, been shown to e ist in sone animal spocics (Castro de
1a Mata et al, 1962; Bv-ritt and Cairnoross, 1959). Hathe =% al
(1971) have presentcd evid nes, froa their studies on isolated strips
of uman bronehi, that alpha receptors wer: prsent, although they
apprar-d to be sparase.

Govendaraj and K-rr (1948) and Kerr et al, (1970) showed that
in asthmaties, bronchoconstrietion occurring after histaxine admini-
stration could be i hibited by the alpha-blocking drugs pheno yben-.
sazine and phentolaine. Although thesn worikers claimed that this
ofé‘m was due to the alpha reccptor blockad:s, their evidence for the
presgnce of these rec-ptors is inconclusive as both drugs are known
to have additiomal effects which aight have contributed to or evn
caus-d this »ff-ct. Thus phenoxybenzamine is imown to have an
anti-tigtanine action which is as powerful as many of the anti-hista-
mines uscd clinieally, and ph ntolazin- has a direct action on the
adrenal a-dulla leading to an iner as- of cat-cholasines, (UJoodman
anl Gilaan, 1970). Thymo amine has been deseribed as the nost
selecti - nlpha adrcnergic blociking drug availabl~ at present
(Brownle , 1945) and is mon $0 be without effect on beta receptors
(Birninghon and Szolesanyii, 19463). It also lucks the =ired
actions scen with other adr-nergic blociding drugs, Bianco -t al
(1972) first deconstrated that thymo anine preventel nost of the
deelin. in specific conductane ecaused by th inhalation of 400 g
of histauine in four norasl subjects. Gaddie t al (1972) using
thymoramine showed that it had a protectiv effect against histanine-
induocod bhronchoconstriction in e trinsic asthnatics. They sug-

gented that this was evil no for th- pr-snes o alphs adren-reic
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roegeptors in husan bronchial muscle.

The evidence for the -xistence of alpha receptors in hunan ajir.
vays is based on the us~ of alpha adrenergic blocking drugs to pro-
tect agninst histamine-induced bronchoconstriction. Howevor,
the cvidence is not quite conclusiv: as oven thymo-amine, whiech is
the most sel-otive of the alpha blockeors is imown to have a weak
antihistamine action., (Birminghas and Ssolesanyi, 1963). Thus
unopposed cholinergic impulses might be responsible for the broncho-
oconstriction resulting from beta adrencrgic blockad~, the mochanisms
and relative importance of which in the aetiology of asthma are still

to a groat oxtent unimown.

Although the aetiology of bronchial hyp.ractivity in asthm
and the mechanisns by which it is cypressel are uncertain, (Cade and
Pain, 1971) hypersensitivity of th: bronchial tr-e s-ems to be the
most basic functional defcct denonstrable in asthaa (De Vries et al
1962); Parker et al 1965). Hypersensitivity doee not sem to be
related to the typ: of asthma (Kl in and Salveggio, 1966) nor to srx,
age, initial l.vel of aimmys obstruction or treatment with cortico-
steroids (Cade and Pain, 1971).

v r factora ated asthus.

(a) Respiratory infection,

Acute r-spiratory infections are of'ten knesm to trigger off
attacks in asthmatic patients. These infections are also mown
to incrcase the reactivity of th- bronchi to metacholine aerosol
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both in asthmatic patients as wcll as in normal subjects, (Packer
=t aly, 1965). The caus: of this alter-d r-activity is unlnowm.
There is some evidinec: suggesting a rol- for microbial products in
the developeamt of bromchial hyp-r-reactivity. Thus Cooke (1947)
reported atté.oks of asthma developing :ln asthmatic patients follow-
ing injections of autogrnous bactsrial vaccine. Similarly Hajos
(1963) showed that attacks were provoked when asthmaties inhaled
aorosols of influensa virus or bacterial vaccines, and Hampton et
al, (1963) showed the same effects with an aerosol comtaining an
evtract of Neisscria catarrhalis. Oucllette and Reed (1965)
noted that asthuatics wer: more scnsitive to metacholine following
an injection of kill.d influenza virus vaccine; normal subjects did
not show this increase in scnsitivity.

Various =zicrobial producis are knmown to be able to r-lease
som of the p;;mologioal mediators of bronchoconstrictio:,.
Th: nature of such a miorobial activity is not mowm but is pro-
suned t0 be 2 non-immnologiocal direct effect on such cells ag the
nast cells (Szentivanyi, 1971). The exotorin, to in, from
Staphylococcus pyogenes has been shown to liberstc histanmine (Brown
et al, 1965) as have endotoxins froa Z. ooli (Davi-s et al, 1963).

(b) Psychologiecal factors.

It has been a long standing olinical observation that emotional
factors and stress frequently precipitate attacks of wheezing in sone
asthoatic patients. Hippoecrates wrote ' the asthmatic should
gmard hinmself against his own anger?, Dekicer and Green (1956)
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showed that attacks of asthma could be regularly produced in somne of
their asthmatic patients by inducing an iety by disoussing with them
enotionally charged situations dorived from their case histories.
Luparello and his co-workers (1968) ocarried out some very interesting
work showing that suggestion operatoed in asthmatic patients. They
neasured changess in airway resistance and showed that almost 57 of
the patients stulied showed an increase when gi en nebulized saline
to inhale, and were told that it was th» allergen which the pationt
had previously assoeinted with his attacks, In a mumber of those
an inhaled saline placcbo reverscd the attacks of bronchoconstriction
which had developed. In a socond study, Luparello et al (1970)
gave their asthmatic patients isoprenaline and carbachol to inhale
under double-blind conditions, suggesting to then that onec was a
bronohodilator and the other n bromchoconstrictor.  The sugz-s-
tions resulted in significant changes in the resgponse to the drugs
in the way that had been suggested. Re:s (1967) reported major
psyehological stress imnediat:ly preceding the onsct of asthma in
357 of 800 asthmatic patients. Zealley ot al, (1970) investiga-
ting psychopathology in asthmatic patients conclud~d that traits of
sensitivity, anxi-ty, obsession, dependency and low self-confidence
wer: comnoner in asthmaties than in noroal controls. They
pointed out however, that psychopathology nced not be implicated as
the cause of the asthmatic diathesis; it is as likely that concomi-
tant psychopathology only det-rmines the olinical presentation.

Mefadden =t al (1969) showed that the asthmatic response to
suggestion ecould be abolished by atropine and suggst d that it was
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thus nediated via efferent cholinergic pathways. Hypervontilation
is a common accompaniment of intense emotion and could possibly be
another method by which stress could precipitate asthna since hypocap-
nia is known $o lead to incrcased airway resistance (Nevhouse =t al,
1964).

It is vorthwhile considering what Francis Rackomann had to say
on asthaa as far back as 1931; "The situation is somewhat analagous
to that of = loaded gun. A good deal of knmovledge is boing ob-
tained about the great varisty of triggers which fir- the charg-,
but why is the gun loaded ? And what constitutes the load 7%

As shown in the precoding scotions, his questions are still far from

angwored more than forty y-ars later.
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THE _PATHOLOGY OF BRONCHIAL _ASTHIA,

lost of the Imowledge at pres'nt available about the pathology
of asthma has been obtained from lungs of patients dying in status
asthmatious. Little is known about the pathology of the loss
sev:re forus of asthma, However, important information has also

be:n yielded froa bronchial biopsy material and sputun studies,

At post-mortem the striking foature is that the lungs often
appear overdist nd-d and fail to collaps:. They hav- be n
likened to the lungs in fresh-wat r drowning (Gough, 1955).
Small area of collapse involving a small mumber of sccondary lobules
are oft'n s-en and occur most frequently along the ant-rior nargins
of the lung. The cut surface of the lung shows the presence of
ocdading maous plugs and oceasional areas of bronchiectasis and there
is a notable a.bea-t.:-;o' of destructive amphysenmaz, the archit ctural
pattern of the lung b ing well nmaintained. Both the larg and
the small airways nay contain the mucus pluge but they occur typically
in the sogucntal bronchi and in the bronchi of three or four genera-
tions dAistal to this, Any bronciicctasis is probably s-condary to
the absorption collapse following bronchial occlusion by the rmcus
plugs (Dunnill, 1971).

The outstanding finding in any section of asthmatic lung is

the presence of a 4 nse erudation in the bronchial lumnen, The
sudat. consists of both micus produced from the glands in th

bronchial wall as well as a prot in-laden serous ~xudat arising

from the increased perneability of dilated capillari s in th- sub-
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MACOB2, The presence of this serous coumponent is thought to hav:
an adverse effect on th- eiliary aetion of th- meosal c-1ls (Hilding,
1932). The c-llular component of the -:udate is made up of eosino-
phils together wi‘th nornmal or d-generate columar r-spiratory epith-
elial cells, Shedding of ciliated micosal cells has been descri-
b=d as a constant feature in any asthmatiec lung; and it is _cmnidcrd
by sone work:rs to b duc to the transudation of ocdema fluid from
the submucosa through the mcosa (Dunnill, 1971). Sancrkin and
Bvans (1965) have scctioned sputa fron asthmatic subj-ots and have
d~monstrated that- the non—mooid el:ments of the e udate organize
into the strips and laninac which become the basis of the spirals
deseribsd by Curshomann in 1883, Autolysis of tho cellular

lenents is thought to lead to the formation of Charcot-L-ydn
crystzle. More recently Maylor, (1952) drew attention to the
presence of compact clusters of columar epithelium cells, mowm
as Croola bodies, in the sputun of asthmatics.

A detailed desoription of th- ohaigss prescot in the brosohial
mcosa of patiente dying in status asthmatious has been given by
Dunnill (1960). | lucosal o~dema with separation and sh-dding of
the superficial ciliated columar ocll lay r is a common finding.
Hetaplastic or r generating epitheliun is s en in all pati-nts
dying of asthma. Dosinophils are often pr sent b-tw.en the
mecosal cells. The basem'nt nesbrane is almos!t invariably
thicken-d (Cardell, 1955, Rose and Radermecker, 1971; Dwmill, 1971).
Eleotron—nicroscopic stulies hove shown that this thickening is due
essentially to an inercas: of the collag:n fibrs (lieCart r and
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Vazques, 1966). The prosence of immnoglobin 4 position just
below the bronchial -pitheliun of biopsy specim ns fron asthmatic
lungs has been denonstrated by immnofluorescence and includ: Igly
IgA and Igil (Callarace et al, 1969). Since Igf seens to be the
major immunoglobin implicated in rxtrinsic asthma it would be ix-
pacted that it should have be:n found too0. However, since only
admute quantitics of this highly cctive immmnoglobin are roquired
to induce symptoms, its denonstration may be difficult.

The capillaries in the submcosa are dilated and their endo-
tholial c-lls often oced-matous, A cellular infiltrate is fre-
quently pr-sent in which -osinophils are prominent but which also
contains lymphocytes and somc mast oclls, iucus gland hyp: r-
trophy is grmerally thought to b= prosent. Marked tissue osino-
philia is frequent in asthaatic patients (Glynn and lichaels, 1960;
Salvata, 1968; Comel, 1971). Eoginophils wer: found mor- fr -
quently in bronchial tissues than in the blood or sputun, and in
Mml there was no relation betwoen the masbers found in thes«
three situations,

Salvato (i959, 1963) biopeied the bronchial wall of asthmatic
patients before and during an asthastic attack and found signifi-
cantly lower mast oell:igounts in biopsy matorial r-moved from patients
during an -pisod of asthnz than in biopsy material obtained from the
same patients during the asymptonatic phase of the dis-as . His
findings were corroborated by the work of Comnell (1971). It is
suggested that the paucity of the mast cells is almost certainly due
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to the fact that they are dogramilat-d, and degramlated mast cells
cannot be identified in tiesue soctions. It is well known that
degramulation of mast cclls occur following anaphylaxis (Mota 1963)
and treatment with the histamine liberator 48/80 (Salvato 1961,
1963). It seoms likely that mast cell dcgramulation in asthma
has the same functional significancc, Although it is imown that
mast cells are rich in biologiecally active substances such as hista-
uine, heparin, hyaluronie 2e¢id and most probably slow reacting sub-
stance of anaphylarxis neither their preecise physiological function
nor the possible role they might play in conditions suoh as asthma
hae a8 yet been determine~d (Kahlson anl Nosengren 1971).

Connell (1971) also observ:d an inverse rélationship between
tho eosinophilic infiltrate and the mast cell content of the bron-
chial wall; th: groat.r the maber of eosinophila, th: fewer the
musber of mast cells. Archer (1963) showed that th: behaviour
of magt cells night govern tissue cosinophilia. Hest (1959) poin-
ted out that eosinophils appoar in mastocytomas only when there is
disruption of mast cells and Wolsh and Greer (1959) desoribe phago-
eytosis by eosinophils of gramlos of mast o-lls disrupted by 48/20.
Hence it is tempting to infer that in bronchial asthma the tissue
wosinophilia is sccondary to massive degramlation of nast cells
(Salvato 1968). However, although it hae be-n demonstrated that
cosinophils m capable of phagocytosing antigen-antibody compl ves,
~ little is actually imown of theoir action in asthas (Hansinger ¢t al
1972), or of the inter-r-lationships between eosinophils and mast
cells in this condition.
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One other striking feature in the pathology of asthma is the
presence of mariked hypertrophy of th bronchial sauooth musole
(Spencer 1968) which was first described by Huber and Koessler in
1922, Dunnill ¢t al, (1969) found that 11.9 & 3.4’ of the scg-
mgatel bronchial wall was occupied by smooth muscle in cases of
status asthuatious coupared with 4.6 & 2.27 in normals. The
relative importance of bronchial smooth muscle hypoertrophy micosal
oedema and pluga of tenacious muous in the pathogenesis of airway
obstruction is disoussed more fully in the ne:t scetion.

The role of suoot: -m_gglrr in normal airways and in bronchial asthao.

Sinoe R-isseisen's anatomical study of th- bronohisl misoula-
ture and the dsmonstration of airway smooth muscle in 1882, and
Varnier's original observation in 1779 of its powers of contraction,
there have appeared a mutber of fundamental papers reviowing its
structure, regulation of ton: and possible function (Toldt, 1838;
Millem 1921; MHacklim, 1929; Wyss,1952; Widdicombe, 1963; Olsen et
al, 1967).

Reisseisen point-d out that the archit ctural structur: of
airway smooth musecle is such as to allow -asily the adaption of
th: rhythaic changes in length and width of airways, which hc re-
cognised to bo an integral part of the proecss of breathing.

Toldt (1888) gives on of the -arliest wore detail-d d.scriptions
of the musele layer in the bronechi; he desoribed the mmscle fibres
a8 being arranged in a lattic--like form (gitt-rformige).
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Hiller (1921) in his claseical paper on bronchial masculature con-
firmed Toldt's deseription that the musculature surrounding the
bronchi and bronchioles is not in the form of distinet bands whieh
eneirels the airvays but is in the for: of a netwark, Ho dos-
cribed the mscle bands forning the network as "geodesic™, i.e.
lying along the shortest mural path between any two points. He
stated that thes- "grodeogie" bands provented tangential motiom,

and in this vay provid-d for the greatest amount of str-ngth and

at the same time permitting the great-st anount of etension and
contraction of the airways. taeklam (1929) deseribed the bron-
chial museulature ag a contractile n-t enbracing the mucosa of th
entire bronchial tr-e. The prevalant viev &s that the smooth
msele ~yt-nds from th- trachen down to the alv-olar ducts, (Widdi-
combe and Stirling, 1970). In the bronchioles and alveolar ducts
tho snooth rmsels is thicker relative to the diamrter of the lunn
(Huckert,1913; Macklwm, 1929; Widdicombe, 1963) and it is to be e -~
peot-d that changes in bronchomotor ton- would aff-ct the diamtter
of these airwvays more, both becaus- of the greater bulk of enooth
masel- and also beeause the centripetal fore- dus to maral t-nsion
varies invorscly with the radiue - Laplace's law (Widdicomb-, 1963).

The precise physiological funetion of airway smooth musecle is
still unimown (Douglas ot al 1966; lacklem, 1971), and there is as
yot no general agrecment on the role that it might play in aimmay
obstruction, Studic-s porforasd to determin~ the effect of smooth
mscle tone on the wmechaniecal properti-s of aix-wa.yi have resulted in
conflicting -~vidence. Radford and Lefcoe (1955) found that con-
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striction of isolated bronchi did not alter the length-tension
characteristics of the airways. Olsen and his co-workers (1967)
however, found that this was only true of the trachea; comstriction in-
creased both the circumferential as well as the longitudinal tension
in bronchi. Bronchoconstriction led to a deecrcase in bronchial
compliance so that the airway became not only less distensible but
also less coumpressible, This would seem to indicate that in the
constricted state a greater compressing pressure is necessary to close
the airway than in th: Pelaxed state. Olsen attributed this to

the presence of cartilaginous plagues in the airway wall that are
pulled into an overlapping position when the bronchi are constrict=d
extending the c¢ollagen fibres betwecn the plagques and increasing the

rigidity of the airway.

Widdicombe and Nadel (1963) have put forward the suggestion that
smooth muscle tone helps to adjust the dead space and the airway
resistance to optimal values at which the echanical work of breath-
ing is minimal,  Bouhuys et al, (1959) have suggested that in
small airwvays muscle tone may help to keep unequal gas distribution
to a minimum. Bouhuys and Van de Woestyne (1971) measured lung
volunes, air ay conductance, iso-volume pressurc flow curves and
static lung recoil curves in normal subjects befor- and after the
administration of a bronchodilator aerosol. Their results -

a marked incrcasc in airways conductance with little change in the
flow rates of the maximum cxpiratory flow volume curves — are in
keeping with Olsen's suggestion that normal airway smooth museclc

tone in man may help larg: airways to withstand dynamic compression
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during forced ~xpiration,

The relative importance of mucosal ocdema and cong-stion, in-
creased mmous secretion, the obstruction of small bronchioles by
tenacious micus plugs, bronchial muscle hypertrophy ani muscle con-
traction in the pathog-nesis of bronchial asthua is still a matter
of some controversy. Laemn-c in 1819 wrot~ "On concoit tres bin
que la contraction spasmodigques de ces fibres puisse tre porte-
assez loin pour etrangler 1:s conluits aeriens et empecher la prne-

tration do 1l%air dans unc grand- parti. des poumons",

But although "bronchospasn™ has long been regarded as an
important, if not the main, compon-nt of bronchial obstruction in
asthma, there has be'n little 4direct proof of this, Frankland
(1948) rightly mak-s a plea for th- word 'bronchospasn' not to be
used in reference to asthma as its use would scem to indicat: a
precise inowledge of the pathogenesis of asthma which we do not
have. Unlike nammalian striated muscle, which is activated
exclusively by a cholincrgic effector systenm, mammalian smooth
mascle can b activated by a variety of endog nous and e ogenous
agents (Somlyo and Somlyo, 1970). The causes of bronchoconstric-
tion are numerous and compl-x and not fully understood. Thus
various factors such as histanine, bradykinin, prostaglaniins and
slow reacting substance of anapylaris are lnmown to cause bronchocon-
striction (Collier, 1968); besidl-s it se ms lik-ly that chang:s in
autonmatic balance play a part, for exampl: in the ff-ot of emotions

on the bronchi. Schild et al (1951) cxposed isolated bronchial
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msgcle froa the lung of an asthmatic patient to a dilute solution of
the specific antig-n to which th patient was known to b- clinically
s nsitive and show d that it contracted. Rosa and MeDowall (1951)
sizilarly showed contraction of 2 bronchial chain pr-paration,
obtained from th lung of an asthmatic patient who underwvent pn-unon-
ctony for a bronchog-nic carcinoma, when this was brought in contact
with a flour~-dust e tract to which th patient was mown to be aller-
gice Douglas et al (19'5‘5). d-monstrat-d hyperactivity of the
bronohi in asthaantics by 2 asuring the "squ ez " pressur: o rt d by
th- bronohi during e pirntion by m-ans of a balloon in a s gu ntal

bronchus,

Pharaacological r sults indiecate that cholin rgic, presunably
vagal, nervous activity ocontributes to bronchoconstriction in soxe
asthuatic patients, since atropin has be n mowm for a long tin to
reliev airways obstruction in these patients (H-r-heinmer, 1959;
Chazberlain et al, 1942: Altounyan, 1964). Hypooapania, too wmay
induce - bronchoconstriction in asn, probably mediat-d by the vagus,
(Hewhouse, 1964; Pirnay et al, 1944) an? may have a larg r effect in
asthaatic than in healthy subj-ots (Hafez and Crompton, 1968).
Hypocapnia is not uncommon in asthma of mild to moderat: severity,
as a result of hyporv-ntilation,  Stirling (1968) showed that
acut - hyporia canses an inorease in airways resistanc in normal
sub jects, He suggested that this is due to constriction of
bronchial anocoth muscl- since it can largely be prevent d by orei-
prenaline. He showed that hypo=ia scems to asct dir-otly on th-
bronchial mscl as atropine bal no effect on the bronchoconstric-

tion response.
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The donminant role of smooth muscle contraction in the patho-
genesis of bronchial asthna is now being questioned by various
vorkers (Punnill, 1969), as the importance of mucosal oedema, ine
creaseld muous 8 cor-tion and blocking of periph-ral airways by tena-
cious rmous plugs becomes increasingly more r-cognised. Floyer
(1598) pointed out the importance of :m plugs in the patholo;g:y
of asthma, when he wrotc "If the Fits contimue long, viz. two, three
or four days, the first two days nonc or little phlega is spit up,
but on the third or fourth day it is cough'd up somewhat dig-sted
and 1-ss visecid", As early as 1950,Du Boia de lontreynand r -
portod sceing on direct bronchoscopy, a rapidly forming bronchial
micosa ocdema in all+«rgie subjects in whom asthmatie roactions w re
provok-d by inhalation of ap-cific allerg ns. Dunnill (1940,
1969) speculatod that the smooth msocle hyp-rtrophy found in
asthmatic lungs, where ciliary action is often defective, was a
response to inoreased cl-aranc: of =udate, possibly by a milking
action; as sugg-sted in the ecineradiographic study of Holden and
Ardran (1957). It is perhaps aor- likely that it represents

sk hypertrophy froa bronchoconstriction (Takizawa and Thurlbeci,
1971).

It thus scems probable that in the -arlier stages of an
attack aetive bronchoconstriction is the major factor, sincr
dramatic relief is obtained with syapathonmimetic drugs, (Widdicomb:
and Stirling, 1970) but wvhen an acute attack broomes protracted or
the condition becouses more chronic, the situation is complicat-d

by oedema of the mmecosa and by ri tention of very visecid mcus.
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The status of the mo_thala:nio-gituitw-adrﬂql axis in asthma,

Since it was established that corticosteroid therapy is
frequently of great benefit in asthaa, it has bdoen tempting to
postulate that failure of the adrenal cortex may be an und rlying
defect in son  asthmatic patients. Recently there have been
reports of asthma occurring in patients with Addison's dis-as~ and
in one of thes: asthma appeared to bo th: prrsenting symptom of
adrenal insuffici ney (Oreen and li=, 1971; Harris and Collns, 1971).
The infrequency of asthma in Addison's dis-asc, variously r-ported
ag 0.5% (Maranon -t al, 1956) and 47 (Carry-r et al, 1960), howev'r,
make the proposition most unlikely.

Several papers on adrenal function in asthma have ben pub-
lished, some r-porting inad-quate basal function or inadequats re-
gpons: to stress and oth rs finding no -vidence at all of such dys-
function. Ther- has also bﬂm.me report by Siegal et al (1956)
in which inecreased levels of plasma 17-hydro yeorticosteroids (17 OHCS)
were found. Thes- workers r-ported that the plasma 1 vels of 17
OHCS were significantly higher in a group of patients with moderate
(13.0 & 2.01 meg’) or s-vere symptons (18,8 &£ 7.61 =0g’) than in
mild groupe (3.3 + 0.61 megi) or in an asymptomatic group (3.3 %

0.61 mog?).

Darly work rs using tests ¢h-n available, reportod roduced
adr-nal function in asthmatic pati-nts (Rack mann, 1945; Lriksson-

Lihr, 1951; Rose et al, 1955). Spaner t al, (1960) found re-
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duced levels of urinary 11-hydrorycorticosteroids (11-0HCS) during
an asthmatic attack. Vacarezza (1951) report=d normal plasaa
cortisol levels and noraal wvalues of urinary 17-hydrorycortico-
steroids (17-0HCS) in 22 adult asthmatics but 2 poor plasma corti-
sol response to corticotrophin stimulgtion, Robson and Kilborn
(1965) found that although plasma cortisol levels wore normal at
rest, almost 707 of their asthmatic pati-nts had a significantly
dininished response to an intravenous infusion of A,CeT.H.

Some evidence that the hypothalasie-pituitary-adr-nal axis may be
impaired in asthma has r<cently be-n r-ported by Collins et al
(1971). Three of thoir -ight pati-nts with acut. asthma, who

had not previously rec-iv-d corticosteroids, had pretreatnont

plasma 11-0CH3 levels of less than 10 g p=r 100 ml and all had
lovels of 23 g or l-ss. They comment that such lovels are well
below the rang: expected in.r\sponua to stress. Low levels of 11-
OHCS could possibly ropresent depr-ssion of hypothalamic activity by

hyporacmia.

On the other hand, Kass and Appleby (1950) found no diff-rence
in the amounts of 17-0HCS excret-d in the urire of asthamatic patients
and normal controls, before and after corticotrophin stimulation.
Similar results were published by Nelson et al (1965). Blunen—
thal and his co-workers (1966) neasur-d plasma cortisol levels,
urinary 17-0HCS and performed thc oral m-tyrapone test and measured
the reasponse to intravenous A.CeT.He in five patients with ->trinsic
asthma. They failed to find any abnormality either during th

asynptomatic period or when attacks were induced with ragw ed pollen.
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Dwyer ot al (1957) too, rcported normal 11-0HCS reospons: to intra-
venous hydrocortisone in three asthmatic patients with acute epi-

sodes who had never beon given corticosteroids.

A munber of e planations can be put forward to account for some
of theas discreopancics, The variety of methods us«d for amcasur-
ing corticost-roids and their m-tabolites is an important factor
which may have contributed to the differ-nt results. The bio-
assay proc-dures used in many of the carlier studi s are kmown to
yield rath:r variabl: resulis, cspecially wheon comparisons ar- made
brtween differont laboratories. The patient population studied
also appears to b- widely differe:t. The type of asthma, its
severity and the pres-nco or agbscnc= of associated complications
or diseases are but a few of the many ways in which the subjects
of t: wvarious studies have diffrred. Zach of thes: variables
may affect corticosteroid levols. The matritional status of
the pati-nt may also affect corticosteroid metabolisa; thus cven a
low protein, high carbohyirate diet may result in a decrease of
both plasna and urinary corticostoroid lovels. Similarly, con-
conitant endocrin-, r<nal or liver disease and drugs, such as pheno-
barbitone, may influsncc corticosteroid lev:ls, Insufficient
data is provided to ensure that som: of these factors wer: not

operative in a musber of th- pati:onts studied.

It appcars that dysfunction of the hypothalanic-pituitary-
adrenal axis is not a necessary pr-disposing factor for th- develop-
ment of asthma. But onc cammot erclude the possibility that it

conld well be a econditioning factor in som patients, although the
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the relatively infrequent occurrence of atopic diseases in patients

with Addison's discase lends little support to this conjecture.
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ALTERED PULNORARY FUNCTION 1IN BROWCHIAL ASTHMA.

!12 Qm resistance in asthoa,

Inereased sirway resistance may be said to be the physiologi-
cal hallwark of bronchial asthma. This inerecase in resistanc:
to the flow of air is we=ll reflected in the physiological indices
us-d as tests in its d.tection and momitoring, In gen~ral, the
forc:d e:pired voluse in one scoond (FEV,); and the maxima mid-
e:piratory flou rate (J90"R) and the p-ak «xpiratory flow rate (P.5.
PoRe) ars found to b consist ntly decreased from th prediot-d and
are usually well related to the saverity of symptons. Howvever,
it is now recognised that subjective improvement is not slways nec-
essarily reflected in a similar chang: in the tests mention-d abov .
The ratio of the forced -xpired voluac in one second to the forec d
vitsl capacity is also found to be reduced. Airwvay r-sistance
(Raw) as measured by body plethysasgraphy provid:s a dir-et neasur -
acnt of the resistance to the flow of air. Various stuli s using
body plethys=mography have now been carricd out in asthmatic patients
both during th: symptoaatic phase as well as following thorapy.
The Raw is always incr-as~d, frequently very comsiderably, ani the
specific conductanc: (3Caw), that is the conductane  divid 4 by th-
thoracic gas volume at whioh th: airway resistance is mesasured, ocor-
respondingly dcor-as«d during the acut~ phase; both indices returm
towards normal values as the patie-nt's condition improves (Lapp Le
Roy and Hyatt, 1967; MHoFadden and Lyons, 1948, 1969; Herzog et al,
1968; Pelzor and Thomson, 1969; Fisher -t al, 1970; Daly, 1971;

Vamaallo et »1,1072), An iner-ased Raw has been found to be
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present cven during the asymptomatic phase in some asthmatic patients

(Ruth and Andrews, 1959; Bornstein and Kreindler, 1963).

Cade et al, (1971) provoked bronchoconstriction in asympto-
matic asthmatic subjects with nebulize metacholine, They found
that pulmonary resistance increased within one breath: of the mcota~
choline inhalation and was the measurcment of lung function which

changed most in response to the drug;

(ii) Lung volumes

The vital capacity is gecnerally decrcased in asthma and is
usually more scverely diminishod the greater the degree of airway
obstruction, A decrease in vital capacity not infrequeontly per-
sists during the asymptomatic phasc of bronchial asthma. Levine
et al, (1970) have r ported values of vital capacity as low as 40/
and 617 of the predicted in two asthmatic subjects who were clini-
cally asymptomatic. Lowell et 2l, (1955) have used the vital
capacity to follow changes in asthmatic patients, but, on the whole,
it has proved a far lcss sensitive index for this purpose than dyna-

mic ventilatery tests.

A rumber of reports have appeared in which measurcments of
Total lung capacity (T.L.C.) Functional Residual capacity (F.R.C.)
or Residual Volume (R.V,) in asthmatics wore found to be clevated,
thus reflecting the presence of a certain degrece of hyperinflation.
In fact, a reversible increase in T.L.C. has boen documented in

asthma as early as 1934, when Hurtado and Kaltreider observed a
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decrease in T,L,Cs following the administration of epinephrine to

patients with acutc asthna,

During an exacerbation of asthma the F.i.C. is frequently
clevated whercas the TeLeCe may remain unchanged, may increase or
even decrease (Wooleoock and Read, 1968). Before Ingstroa's
study of asthmatic children in 1964, no systematic study of the
serial changes in the various subdivisions of the lung volumes
occurring during the various stages of this condition had becen re-
ported. Zngstron found that the T.L.C. was above the predict-d
levels in nearly all his subjects ~ven when the children were clini-
cally asymptomatic. He suggested that ther: was an increased
ratc of growth of the lungs in these children; his sugg-stion is
howsver, unlik-ly becausc when such childr:n are maintained symptom
free over a prolonged period, subs-quent lung volus: measurem-nts ar:
within normal (Kraepelin, 1959). Since then a muuber of papers
reporting the changes in lung volumcs that occur during acut: asthma
and the period of recovery have been published (iWoolcock and Read,
1965; Woolcock and Read, 1966; Meimmer and Hugh-Jones, 1968; leng
and Levieon, 1969; Palmer and Diament, 1969; Staneson and Tetulescu,

1970; Mayfield et al, 1971).

In general, the more seveore the degree of airway obstruction th-
groater the amount of hyperinflation present, as shown by clevat:-d
ReVe and FeReCe, and both indices tend to decrease following treat-
ment. In som: of the patients rcported by Woolcock and R-ad (1955)

th: FoR.C. during acute asthna was greater than the T.L.Ce after re-
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covery. In these patients tidal breathing during sever: aba'ém-
tion was taking place at a higher level than the point of marimal
inspiration after recovery. Mead, Milic-Bmili and Turner (1963)
hold the view that inhibiting refleres normally limit the degreoe of
voluntary lung inflation; if this is true, t:cn one must presumc
that such reflex-s are modified in astina. Palmer and Diament
(1969) similarly found that as tho airway obstruction increases in
asthma there ie a progressive hyperinflation of the lung and that
when tho obstruction 11-1 reduced by a bronchodilator ,hyperinflation
becom s l-gs. Of the indices of hyperinflation they found that
only RV/TLC’ corr-lated consistently with th: dynamic lung volumes
and regerd it as the brst single measurcment of hyperinflation in

asthaa.

Cade et al (1971) have investigated the mechanical prop-rti s of
the lungs of five asyuptomatic asthmatios following provocation with
nebulized metacholine. There was an inercase in thoracic gas
volune in four of their subjecta; the changes roached maximua values

in a few mimates.

Various studics have now been repofted in which serial measure-
ments of functional rosidusl ecapacity by a helium dilution =a-thod
and thoracic gas volun: by body plothysmography have bren earried out
in asthmatice during the acute attack and in the subsequent recovery
period (Corbcel, 1968; Heisner and Hugh-Joncs, 195%; Stancsou and
Tecul-scu, 1979; Wooleock ~t al, 1971). In general, plethysmo-
graphy yicld-d significuntly larger values than did th: heliun dilu-

tion mathod. The diffcrences were greatest when the asthma was
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most severe and docrcased during clinical recovery. As the
heliun dilution method accurately reflects the voluse of ventila-
ting parts of the lung, thore must be significant portions of the
lung that fail to ventilate during the tim- allowed for heliunm
equilibration.

Hyporinflation may poreist in the asthmatic pationt cven in
the asymptomatic phase, (Bcale et al, 1952; Wooleock and Read, 1966;
Gold et al, 1967; Levine et al, 1970). Weng and Lovinson (1969)
reported finding hyp.rinflated lungs in asymptomatic asthmatic pati-
ents despite norual measure-ments of airway r-sistance. Petit,
Melon and Melic-Buili (1960) in a carefully controlled study in
asthmatics concluded that airvay resistance may be doubled without
the occurrence of any significant change in F,H.C. There is as
yet little dircet information on the relationship betwen increascd
airway resistance and pulmonary hyp-rinflation in asthmatics (Bat-s,
Magklen and Christie, 1970).

The increase in F.R.C. may be compensatory t$o0 the decreased
bronchial calibre found in asthma, and to a certain e tent this may
have a guy-rope effect in maintaining the patency of the airways.
This, however, is not obtained without considerabl cost to th- pati-
ent, for as the lung voluze increases, compliance diminishes pro-
grossively so that the further inspiration of a given volume of air
requir«s the production of a higher transpulmonary pressurs differ-
»ice becamse the subject is breathing on a flatter part of tho pros-
sur--volume curv:. The elastic work of inspiration will be great-

1y increascd and must make considerabls contribution to ths patient's
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sensation of dyspnoea. Asthmatic paticnts thus often find as
mach difficulty with inspiration as with expiration (Woolcock and

(iii) The Lung clastic recoil pressure in Asthma,

Macklem and Becklake (1963) and Ting and Williams (1963) have
both reported mean inspiratory static pressure-volume (P-V) curves
for normal subjects and for patients with asthma and those with
emphysema. In both studies the P=V curves for their asymptomatic
asthmatic subjects were shifted upwards and to the left as compared
with the mean curve for normal subjects; i.c. it appeared that the
lung elastic recoil was reduced. Macklem and Becklake (1963)
corrected for the increased lung volume in some of their subjects
by calculating the "over-all compliance" (Mead et al, 1955), i.c.
the ratio of T.L.C. to the maximum negative intrapleural pressure.
This correction reduced the difference betwe:sn the normal group and
the group of asthmatics but accentuated the loss of clastic recoil
in the group with emphysema. Other studies had indicated that
patients with asthma have normal pulmonary clastic recoil pressures

(Wells, 1959; Tooley et al, 1965).

Several workers have since measured the lung elastic recoil
pressure in asthmatics both during exacerbations as well as in
asymptomatic phases (Gold, Kaufman and Nadecl, 1967; Woolcock and
Read, 1968, Fimucane and Colebatch, 1969). Gold and his associ-
ates showed that the elastic recoil pressure was decrcased at all

lung volumes in seven of their twelve asthmatin emhicnta. Aftan
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a week's itreatment with corticostcoroids and bronchodilators, the
increase in airway rosistance and in lung volumes reversed to nor-
mal and their P-V curv-s moved back to tho normal range in all the
patients but ome, In the latter, a further weck of troatuent
finally roversed all abnorualities. Gold also indueced broncho-
constriction in four asthmaties who had normal P-V curves and in

one normal subject with a 0,037 histamine phosphate inhalation.
Although this resulted in a mean airway resistance of 3207 of the
control, the lung elastie r.ocoil remained normal. Acut+ hyper-
inflation of the chest in a normal subject for an hour by ncans of
a negative pressure jackct surrounding the thora: also rosulted in
insignificant changss in the lung elastic recoil. It thme ap-
pears that loss of lung elastic recoil ia slow to dovelop. In

a further pati-nt whose treatment was discontimied for a weel, Oold
and his co-workers found that tho lung elastic recoil wvhich had been
reduced prior to treatment, remainc-d normal, despitc a rccurrence of
airway obstruction.

Wooleock and Read (1958) shewed that during an e ac rbation
gir out of thoir ten asthmatic subjects had a decreased -lastic re-
coil. Unlike Gold's patients, howover, after intensive therapy
although the airway resistance rotwrmed to normal in almost all of
the patiente the losa of lung elastic recoil and hyperinflation per-
sistod in five subjcois.

Pirnueane and Colebateh (1959) assessed the -lastic propertics
of the lung in patients with asthna, esphysema and in normals by
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acasuring the static P~V curves of the lung during d-flation fron
TeLeOsaftor a standard voluze history. The PeV characteristics
of thisz stuly thus mainly reflect the elastic properties of lung
tissu s ainee thoe pulnonary retractive pressur: was measured during
deflation fron TeLeCe vhen lung surfac: forces contribute l-ast
(Radrord, 1964). They found that in asthaa compliance was eimi-
lar to that in normal subjects but elastic retraction was redusc-d.
The P-V curves, showed that the p:tractive pressur- of th lung was
inversely relat-d to TeLeCey b ing least in tho subject with the
highest TeleCe rolative to the predicted TeL.Ce and greatest in th
subject with a nowmal TeL.Ce In three of th: four pati-nts re-
studi-d by Fimcane and Col batech, thire vag a persistent r duetion
of elastie recoil pnmr despite r-1i-f of aimmy obstruction for
gi wesla or longer. This finding agrees with that of Woolecoek and
Read (1943) and it scems likely that sose patients with eevere asthma

may have & more or loss peraan-nt reduction of slastic recoil pressure.

The cause of the loss of elastic recoil of the lungs in asthe-
satie subjoots is unimown. According to Mead (1961) the static
P<¥ curve is d-pendent on two factors; the tension e rt-d by sur-
factant and the -lastic propertics of pulnmonary tissu . The tis-
sue compon-nt of the elastic retraction of the lung residcs in th:
intimate assooiation and arrengesent of eollosen an slastin fibres
in the r-epiratory bronchiocles, alveolar ducts and alveol: (Pleree
and Dbert, 1969). In cuphys-ma thie fibre network is dismpted
(Wright, 1961) sad elastic r traction of the lung vould be e:pected
to bo and is, in faet, r duoced. In asthas the fibre n twork ie
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intact (Gough, 1955) and hence other factors must be responsible for
the loss of olastic recoil. Gold ot al, have suggested that pro-
longed distonsion of the comncetive tissue of the luigs causing too-
porary structural deforzation is a possible e:planation. Cther
alternatives they put forward are that the changes could be relatcd
to the forces excrtod by surfactant; or the changes may be due in-
directly to changes ir perfusion of some alveoli which affeets their
production of surfactant or some other product important to the nor-
mal retractile forces. Apporently surfectant is easily lost or
d-stroyed wvhen the segmental pulmonary artcrial blood supply is com-
promised (Patt' -, 1961; Fenley et al, 1964), Sinilar changes are
roported to ocour with disturbances in arterial pH (Bergoefsky et al,
1962) and hypo-ia (Bergofsiy et al, 1963; Searpelli, 1971). In
goneral, however, such changes in surface tcnsion would be expected
to ocour in short poriods of time and will not require days or weeks
to tak~ place.

Pimicane and Colcbatoh (1969) put forward the idea that the loss
of -lastic recoil could be the r-sult of a roduction of tissu- forces
duc to tissue stross-relaxation (Marshall and Widdicoube, 1961).

In asthme, stress-rola:ation may occur in those parts of t e lung
held inflated by aimmy closure. ‘'Theoretically, the reduced re-
tractive pressure in asthma eould involve increased reoruitment of
surface-active molecule: gonsequent upon prolonged over—e pansion of
the lung (Tierney and Jolmson, 1965). The surfzc- tension of a
liquid is Imowm to be inversely relatcd to th: concentration of sur-
face-active molecules in the surfac: (Davics and Rideal, 1961).
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Wooleock and Read (1969) suggested that hyperinflation of the
lung,nay itself, cause a reduction in lung elastic recoil, in a
mamner in which they did not explainj they looked at tho problem
from the opposite point of view from that of Gold and his associ-
ates, The latter considered the loss of clastic recoil to be
responsible for the hyperinflation in asthma, If hyperinflation
of the lungs itself caus-s a reduction in elastic receil, thwn a
residual abnormality in the airways sufficient to maintain a degree
of hyperinflation could accoutn for the apparent loss of lung elas-
ticity in asymptomatic patients. This could poesibly account for
the differences in results roported by Cold et al, and the work re-
ported by Fimucanse and Colebatch, and Hoolecock and Read. Tha
patients report-d on by Gold et al, all had normal lung volumcs when
the lung elastic recoil was ncasured after a weck's therapy, whilst
those rcported on in the other two studi-s had persistont hyporinfls-
tion. On< other factor put forward by Woolcock and Read as a pos-
sible contributing factor to the d-orcased lung «lastic recoil is the

«ffoot that prolonged corticosteroid therapy may have on pulmonary

connective tissue. There is however, no -vidence to support this
poseibility,
iv) The diffusing capacit in asthma,

There is some degr-e of controversy in the literature regarding
diffusing capacity valucs in bronchial asthma. lrasurements of
diffusing capacity in asthma have now been perforased during the asymp-

tomatic phase (Levine et 2l, 1970) during an acut: attack anl in th-
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ensuing eymptom fr-e psoriod (Weng and Levinson, 1969) as well as in

subjects in status asghmaticus (Stancscu and Teculesecu, 1970).

In a nunhor of papers the diffusing capacity in asthma has
boen reportcd as normal,. Among the first to report normal valuecs
were Bates (1958) and Macklem and Becklake (1963) who used a steady
state method. Hs.eklm and Becklak: reported that both the diff-
using capacity and the elastic recoil wer: well pres-rved in asthma
and contrast~d this with the decrease in both parameters that ocour-
red in the emphysematous patients they studied. They found a high
correlation between diffusing capacity and clastance in the sixt-en
asthmatic patients whom they studi-d and interpr-ted this as reflect-
ing normal alvoolar tissue, They found that at ~guivalent values
of conductance emphysema is characteriz-d by a considerably lower
diffusing capacity than asthma, Normal valueg for diffusing capa-
city have also been roported when this was measurcd by the single
breoath method (Burrows ot al, 1961; Kanagani -t al, 1961; lePadden
and Lyons, 196%; Meissner and Hugh Jones, 196%; Daly, 1971). The
diffusing capacity was found to be normal even when tho FEV; was
mark-dly decreased (Bedell and Ostiguy, 1967; NeFadden and Lyons,
1968; Ogilvie, 1968; Heissner and Hugh Jones, 1968).

On the other hand, ther: arc now & manb-r of papers reporting
diminished valu-e for diffusing capacity in asthaa. Palasr a.nd
Piazent (1969, 1970) using the single breath method measur-d the
diffusing capacity in all grades of severity of esthma and found
that if Pal1l aimmifisantly aa the dapgras of asthma becams more severs.
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Thoy reported = mean value for D, €0 of 16.2 & 7.3 nl/nin/umlg
when the FIVY was less than 407 (the predicted being 26.1 + 2.70 ml/
min/mﬂg)l this value iaproved when salbutanol was administerod.

Weng and Levinson (1969) measursd the diffusing capacity by
the steady state mothod in thirty asthmatic children during an acut:
attack and repeated the weasurencuts when they were sympton-free.
They found that it was significantly reduced during an acute attack
but returmed to the normal range during the syupt u free period.
The indices D CO/TLC and Dy CO/FRC which wrre markedly reduced dur-
ing tho attaclk remained significamtly lower than norsal during the
gyupton free period. Levine et al (1970) using a steady state
method report a lower than predicted valus in two of six asyuptomatie

asthoatics.

Stanesou and Teculesou (1970) studying patients in status
asthaaticus and measuring the diffusing capacity by the single
breath nethod found this to be below normal in thrue out of elaven
patients. Pollowing treatnent this inde- increased in six patients
including two of those with a low initial walue. They attributed
the decrease in diffusing capacity in their patients to the roduced
value of feffective' alveolar volume. They consider-d this de-
orease of the diffusing oapacity in their patisnts with statue asth-
matious as "apparent?, that is, not representing 2 true impairnent
of diffusing ocapacity but norely r«flicting a regional unevenness
of function throughout the lung. The diffusion constant (DL/VA)
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wag normal in all their patients.

There have been 2 munbor of reports in which the diffusing
capacity has boen measurcd following the administration of broncho-
constriction acrosols. Bouhuys et al (1960) and Lewis ot al (1961)
found a diminished diffusing capecity mcasurel by the steady state
method following the aduinistration of histaniie and metacholine
acrosole. Bjurs et al, (1966), however, have showm that thore
ie an increase in diffusing capacity following the infusion of his-
tanine and attributed this to the increasc in cardiac output that
occurs. Stanesou and Toculescu (1969) using a single breath
nothod ncapured diffusing capaecity before and after inducing broncho-
constriction with an acetyloholin: aerosol in eight asymptomatic
asthmatics and in five normal subjects. Th- diffusing capacity
was within normal limits and fell in all subjects, returning to nor-
mal in most of them ten to twelve mimutes lat«r despite a persistent
deorease in FEVy. It is presu ed that this decrease is due to
changcs in the distribution of Aiffusion in the lung to the alveolar

volumo,

Pocora, Bernstoin and Feldman (1966) neasured the diffusing
capacity by the single breath method in twenty six children with in-
tractable asthaa. They reported that in 8i te n children with
hyperinflated lungs the diffusion capacity was gr-ater than predicted
whilet in the ten children who had no pulmonary hyperinflation the
diffusion capacity was normal. They suggested that thie inorease



is duc to a muderate inorease in surface area of the lung and a
greator deorcase in the thicinces of the alveolar mezbrane.

Ogilvie (1968), too, reports highor than predicted values in a
manber of asthnatics, and points out that an imbalance botween
ventilation and perfusion can sometin s rosult in erroncously high
values, Kreukniet and Nisser (1962) showed that the steady state
diffusing capacity may be crronecusly high in asthua.

Porster (1957) in his classical review of the proccsscs of
palmonary diffusion and their asscssment refers to the crrors which
nay be introduccd by non-wniformity of various parameters. Al
though the conc-pt of a diffusing capacity is not difficult to cn-
visage, th details of its memsurement and the interpretation of the
rosults obtaincd by the various tochniques are far froa straightfor-
ward, ospecially in clinical conditions in which there is non-homo-
gen-ous distribution of alveolar gaas. Bates, lacklen and Christie
(1971) have asoribod the difficulty in sorting out the apparent dis-
. crepancy of the diffusing capacity values in asthua obtained by vari-
ous work:rs to four main factors - patient selection, variation in
degre: of airway obstrction, dffer-necs in techniqu- ani th- uncer-
tain interprotation of resulte obtained from induccd bronchoconstric-
tion. Thus, there is not infrequently difficulty when selecting
patients, in differ.ntiating between those suffering from asthma and
those with chronic bronchitis with a degroe of euphysema.

However, th- interpretation of r-ports on diffusing capacity
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in bronchial asthma is perhaps most seriously haspered by the

variety of nethods used in its deteraination, It is obvious

that cach method m easures something differcnt and probably none
measures the true diffusing capacity of the 'puluonary membranct,

The acouracy of each method for mcasuring this index of puluonarv
function depends on certain critical assumptions about the re-

lative waiforaity of blood flow, vemtilation and alveolar volune

and if one of those assumptions is incorrect the measuren:nt be~
cones biased (Forater; 1957). Since the assusptions are differ—
eat for each method of measuresent, & given type of non-uniforuity

in the lung is apt to bias the diffusing eapacity ucasured by one
methol mors.than by another. This possibility accounts for most

of the disorcpancy betwesn the various repovis. Ohman et al
(1972) neasured the diffusing capacity in ten symptomatic asthna-
tice by both the single breath and steady etato methods b-fore and af-
ter treatment. The diffusing capacity measurcd by the single
breath method was greatcr than predicted on both ocoasions. The
mean pre-treatuent value obtained by the steady state 2:0thod was

515 of th: predioted and it went up to 657 of the prodicted following

‘thﬁmpj'-

The severity of the disease during which the neasurement is
made is another important factor to keep in nmind vhen assessing re-
sults. Teats of diffusing capacity mist b- to a greater or les-
gor extent influenced by ventilation - porfusion abnormalities (Ap-
thorp and Marshall, 1961),



Thus although the single breath method ie said to be less
songitive to ventilation - perfusion (%A/ﬁc) abnormalities, in
sovere cages an impaired distribution of inspired air, r-gional
5:/50 variations and the 3L/& ratio can decrease the value of
the diffusing capacity obtain-d by the single nethod (Piip'r and
Sikand, 1965).

The transfer of gas in bronchial asthme thms appears to be more
inpeded by failure to 4 liver inspir'd gas to th alveqQlar surfac
than by interfer nc: with diffusion through the "pulmonary mezbrane?,

v Arterial bl tensions and I e

Very 1littlr attention was paid to th changes that occur in
blood gns s during asthna until comparatively rcoeatly. Bates
and Christie (1964) stated that, "the patient with noderat-ly severe
bronchospasn but not in status asthmaticus only rarely shows any
significant cbnormality of arterial oxygen saturation or carbon di-
oride trnsion”. It had be'n gonerally assuned that the PaCdo is
usually normal or low, due to hyperventilation until the terménal
stages of status asthmaticus, when the PaCl, rises rapidly and res-
piratory failur- superven-s (liarchand and van Hass 1t, 1966).
Befor- the important paper of Tai and Read in 1967 there had only
Ibeen occasional reports of blood gas disturbances in bronchial
asthna (Herschfus et al, 1953; Williass an Zohman, 1960; Feldman,
1962). Horschfus et 2l, studicd fift-en patients during attacks
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of asthaz and found arterial o-ygen desaturation in only two pati-
ents. Sinilarly, ¥illiame and Zohnan founl only slight desatura-
tion - a mean of 89’ - in el'ven of their fift-en patients. In
both serice, none of th patients had a raised Bloold earbon 44014
level.

Tai and Read (1967) wore the first to report carbon diovide
rotention, with arterial PCO, values ranging up to 200 rmilg and
aarked respiratory acidosis, with a bloodl pH as low as 6.81, in
trelve pati nte alzitte! to their cure in status nsthratious,

Their data showed that in other patients with only noderate clinical
scverity cangiderobl: hypormeniz ecould also b pr sent. Sirdlar
results have now beon reportel by = maiber of Aiff rent vor: rs

(Re s, ¥4llar and Donald, 196%; 6Paid n and Lyons, 196%; leien r

and Hugh Jomes, 1963; Miyazota et al, 1970; R-tmok and R-ad, 1971).
Arterial 20, lev-1ls below %0 mil: may b sssooiat 4 with PCO, levels
varying b twen 20 and 80 uw¥lg; such a l_vel of Pad, is comonly s en
whn airway obstruction is sevire, with an FIV, bolow 30 of the pre-
dicted noraal value.

PL'nl y (1971) stat s that 4f =:413'r eases ar ineluled the
fall in P20, se 28 $0 b ar 2 roughly linear r-lation to the F’:Nﬁ
noraal Pal, values being usual wh n the E‘:’W, is abov- 2 1litr s.
Tod and Read (1967) found a general corr latisn b tw en the degreer
of reduction of the F‘;Nl an! the =t nt of Aisturdanc’ of blood gas
tensions in th ir stuly of si ty four patients with nolerately s vere
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asthna. Thay point-d out that F'EN? levels of leass than one litro
were ospecially associated with a significant roduction of arterinl
POs; at the sanc~ time they -mphasized that the corrclation was not
good enough to make FEW1 lev-le greater than o litre a reliable in-
dox of a fairly noraal arterial oxygen tension. The sane conclu-
sion was reached by Rees et al (1968) who stat 4 that since inercas s
in?.z.‘?.' were not always accompani-d by a rise in Paﬂ?_, such changes
could not be relied upon to indicate improv:d o yg nation. Pal-
mer and Diament (1968, 1969) report d a correlation b tw-en Pad, and
the RV/TLC’, hypora-mia becoming progressively more s vere as hypes-
inflation develops.

Rees, Iillar and Donald (1968) folloving th- clinieal course
and artorial blood gus tensions of twenty four patients in status
asthmaticus, found that hyponemia was invariably present, was fre-
quently quite maried and persistel despit- intensiv: th rapy some-
times for weeks. Tost patients er- noraocapnic or even hypocap-
niec. When sever: hypereapnia as present the patients gen-rally
died. They found that changes in Pacoﬂ wore invors ly related to
changes in pH and pati nts with s'vere hypercapnia had also n-to-
bolic acidosis. The pulse rate wrrelated well with Paog and in
the sev-raly hypo anenic patients the frequency c:ce ded 130 beats/
min. HoPadden and Lyons (1948) stulied ninety on patients dur-
ing an acut: asthmatic altaek. All their patients had hyporacmia
but hyperoapnia was only presnt in elove: patiomts and vas not found
till th FEV, fell to bolow :zd;.'- of the predicted value. Hence



despite the fact that 002 rotention is a prominent f-ature in some
asthnaties with markod airway obstruction, low PCO, values indicat-
ing hyperventilation are frequently encountered. Hypocapnia and
rospiratory allalosis was present in about 807 of the patients
stuldi-d by NMePadden and Lyons.

These studies hav: deterumind the facts that hyposaemia, often
of dangerous d-gr-e, may be presnt in asthmatic patiecnts, and that
severe hyporoapnia is not usually pres-nt -xo-pt terminally.
Peldman (1962) pointed out the grave prognostic significanc- of an
inerces~ in PacC0, in adults with s-vere asthna.

The accompanying disturbance in the acid-bas- balance as re-
fleet=d in th- arterial blood, shovs that the hyp-roapnia in nost
of these patients pmﬁahly develope acutely. Flenley (1971) analy-
sing the data from various aathors (Reed et al, 1968; Mithoef r et al,
1968 Tubb and Cuerrant, 1968; Tai and Road, 1947; Dowmes -t al, 1968;
Simpson et al, 1968)concluded that chronie elevation of PCO, is re-
latively uncomm'm in asthua. The inereased renal r-absorption of
biearbonate which is an important def nee against rospiratory acid-
osis both in adults (Refsum, 1969) and in children with scute lowr
regpiratory tract infrction (Simpson and Flenley, 1967) thus appears
to be too slow a mochanism to be of ;reat importance in acute asthma,
in vhich dang rous hypercapnia may develop v ry acutely. Hithoa~
fer ¢ nl (1968) have found that corrcetion of the r-epiratory acid-
osis by infusion of sodiuws bicarbonate was valuable in troating in-
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tractable asthma, but others se-m to have had l:ss success with
this approach (Flenley, 1971).

The mechanism of hyporamemia, with or without CO, retention
implics a maldistribution of ventilation and perfusion in the
lungs vhich is shovn by increased slveolar-arterial tension diff-
crences for oxygen (A-a)D0, and higher ratios of physiological dead
space to tidal volune (VD/VD). A higher than normal (A-a)DO, and
VD/VT has been shown 0 be prosent both during the acute attack (Pield
1967; Hoisner and Hugh Jones,1968; Valabhji, 1968)as well as during
the asymptometic phase (Levine et al, 1970; Wadd-11 ot al, 1967).
Valabhji's data is at varianc: with that of Wadd 11 -t al (1967), for
in all his patients ¢liniecal recovery wag associated with return of
A-aT0, and VD/VP retio to normal levels despit- spirometric -vidence
of persisting airway obstruction in about half of then.

Simpson et al (1968) report-d a significant corrclatiom betwern
Pa0, and PaC0, in children with acute asthma breathing air on admie~
gion , and suggest that alvoolar hypoventilation might also at tines
make an important eontribution to the hypo-memia in acuto asthma.

Although wneven distribution of pulmonary vemtilation in asthme
has be n rocognised for a long time in both the acute phas- (Bates,
1952; Powler et al, 1952; Herschfus et al, 1953; Malmberg et al,
1963; Bat-s et al, 1968) and in the sympton fre: period, (Beale ot
al, 1952), the effect of this on th distribution of pulmonary blood
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and the ventilation - perfusion relationships had until compara-
tively recently rcceived less attention. Single cases of asthma
with V /é disturbances had becn rcported by Donald et al, (1952) and
by West et al, (1957). Leadbetter ot al, (1964) in a stu'y of
asthmatic children reported that an abnormally high percentage of

the cardiac output perfused the 'slow'! or poorly ventilated compar-

tments in the lungs.

The presence of adaptive mechanisms to divert blood flow away
from poorly ventilated region: of the lungs were postulated by Bar-
croft, (1930); Anthony, (1920); and Haldane, (1935). The observa—
tion that hypoxia causes an elevation of pulmonary artery pressure
probably secondary to pulmonary vasoconstriction led von ZHuler and
Liljestrand (1957) to suggest that pulmonary hypoxia might play a
role in controlling the distribution of pulmonary blood flow.

Recent work has in gen-ral confirmed these suppositions. It ie
now generally accepted that the concentration of gases in the alweoli
determine the resistance to blood flow in the adjacent vessels, and
that the chemical stimli for this local vasomotor control are hypo-—
xia and to a lesser extent acidosis (Liljestrand, 1958; Fishman, 1961;
Bergofsky et al, 1963; Fishman, 1969). Lopez-lajano et al, (1966)
produced unilateral hypoxia by means of a Carlens catheter using 100%
N, for seven minutes. By means of radioactive scanning following

131M.A.A. they showed that this was

the intravenous injection of I
followed by a2 marked decrcase in pulmonary bloodflow to the hypoxic
lung. Evideéence has:also beén.adduced! by other workers-that a dec-

crease in bronchiolar P002 will redirect ventilation,: towards better

perfused parts of the lung, away



59

poorly perfus-d areas (S veringhsus and Stupfel, 1957; Arbore-
lius, 1965). How'ver, other mechanisns b-eides hyporia - induced
pulnonary vagoemnstriction might play o role in the r-duction of per-
fusion to poorly ventilat-d areas of lung (Wooloock et al 1966),

Although it seems unlilkely that loe=l alterations in p-rfusion
could poesibly compensat- for th uncvenness of ventilation in
bronehial asthne, there is a lot of evidence to sugz ot that such
homevstatic mechanisms do exist in asthma, and that thoy t'nd to r -
duoe the V /Ez defect by decreasing the blood flow of underventilated
lung units. Factors disturbing th-se homcostatic n-chanisms vould
b expected to rosult in an inecreased v /51 abnormlity. Thus the
adninistration of o ygen presuaably by abolishing pulnonary vasocon-
striction in hyporiec rrgions result-d in a wors-ning of th- ventila-
tion - prrfusion imbalance in asthmatics ns showm by an increanse in
the (A-a)D0, and VD/VT ratio. Breathing pur- oxygen has ben
shovn $0 have no =ff-ct on the patt-m of v /Q in ~quality in normal
subjects or in patients with chronmic lung dis-as- (Riley, Cournand
and Donald, 1951; Larson and Severinghous, 1962; Cole and Dishop,
1963). Such a d-terioration occurr~d not only in the acut- phase.
of their illness (Pield, 1967) but also in the asymptomatio phas-
(Valabhii, 1968); sugg-sting that during th- latter phase a coupensa-
tory roduetion of blood flow to und-rventilated parts of the lung
might still be pres-nt. Supporting evidne: for th- erist-no~ of
puloonary vasoeastriction in asthmatiocs when syapton fre- has be'n
produced by Irnsll and Nordgron (1965) who infused acetylcholine
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into the pulnomary artery of ninet en asthmatios and observed a re-
duction in arterial oxygen saturation in all but one. Valabhji
(1968) reports a vory small contridution of veno-art-rial siunt of
3.7 & 1.47 to the hyporaesis present in their acut: asthmaties.

This is perhaps surprising in viow of the widespread muous plug-
ging of tho small airways that has ben reported in asthma.

The absence of a significant veno-artorial shunt ocould perhaps be
:¥plained on the basis of a diversion of blood flov from non-wine-
tilated arcas of the lungs as a result of pulnonary vasoconstriction.

Sinec the introduction of radioactive gases fi the study of
pulaonary physiology a2 great d-al of iaformation about the regional
voatilation and perfusion of the lungs has beocows avanilable.

The first gns to be usel was Xe '°° in 1957 by Knipping and his com
worizers who measured local ventilation. Radioactive z-non can,
of cours«, also be used to neasure regional blood flow as well as
ventilation (Ball ot =1, 1962; Dollery anl Hugh-Joncs, 1963).

Bentivoglio et al, (1963) studiod regional ventilation and
perfusion in asthmatics during rordssion using the radiosctive
enon {ockhnique and reported the prosence of hypoventilation but
a2 normal distribution of porfusiom. A large munmber of studies
using lung scaming following the inhalation of radioactive gases
such as Xe '>7, intravenous injoction of I .. macroaggregeted albunin

as w-11l ag the inhalation of an asrossl containing To ~~ -~ iron con-



ple , have now been carried out in asthme both during th- zcute
attaok and in remission (Wooleock et al, 1966; Mishkia and Wagner,
1967; Mishidin et al, 1968; Heokscher -t al, 1968; Wilson et al, 1970;
Despas ot al, 1970). Host measuyrcaonte shoved well d maroated
local ventilation and perfusion defects. Although the areas of
hypoventilation generally showed deereased parfusion, some workers
(Wilson et 21, 1970) reported that the p-rfusion was frequently less
effecte than ventilation. lung eoans showed that the 7 /é L
balance frequently app-arse to de widsspr-ad i sethma. In gen-
rel, repeat stuli-s during improvement of syaptoss show-d nurmali-
gation of ¥ /Q in areas vhich were previously involved; however,
defscts evieing in new ar-as heve also been obsorved (Mishkin et al,
1948; Heeksoher et al, 1968). '

Hovey and his associates (1970) have studiel arly ventfation -
perfusion changes following the induction of asthna by means of pol-
len, metacholine and rxercise. He reported miltiple focal V /é
abnormalitics appearing within mimutes of induction of asthmu.

The rogional ventilatory abnormalities were greater than those of
perfusion although similar in distribution.

Although hyporia is gonerally zocepted as boing mainly respon-
sibl: for local pulmonary vascoonstriction, other mechanisns may also
be inwvelved in the causation of rogiomal pulmonary blood flow defects.
Those includ- mechanical oeclusion of eapillaries hy high intra-
alvoolar pressurc at sitos wher: regional hypirinflation is prosent,
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(Despas et al, 1970). Pormutt et al, (1961) have shoum that
blood flow throughthe oapillaries of the lung is comtrolled by
alveolar pressur: 8o long a8 alveolar pressur- is greater than
pulnonary vonous pressurc. Another possibility is the loeal
rel-ag: of vasoconstrictive substances in asthma (lMiddleton, 1965).

Pl 5 .

The stuly was carried ocut in two parts. In the first part
the patientes wers studicd over 2 perdiod of four daye. In order
to obtain pre-troatment baseline measuroments, to :nsure that pati-
‘mts were in 2 stable elinical state and to assess diurnal varia-
tions, placebo tablets wore givon at 0900 hours on the first two
days of the trial. The placebo tablets wore suppli~d by Rouss-l
Laboratorics I4d and contain Potato Starch B.P., Lactose B.Ps,
Preg-latinised Stareh, Tale B.P. and Magnesiun Stcarate B,P,

They are indistinguishable in appoarance and taste from the active
drug. On the third day, 40 nmg of Prednisolone acetate wag adnrin-
istor d as a single oral dose at 0900 hours and on the fourth day
placebe tabl ts werc agmin given at the same time, Repeated
neasur-nents of dynamic and static lung voluncs, thoracic gas vol-
une and aimmay resistanc. and ma-dimm e'piratory flow-volume ocurves
wore performed. Pigur: ( 1 ) shows the n-nsurenents and the
time at whiech th-y wore perf-ormed throughout th- peoriod of study.

The second part of the stuly was oarried out over o puriod of

Tive daym. In this group of patients nlac B3 tablets were given
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on the first, second and fourth days and a single oral dose of 40 mg
of Prodnisolone acectate given on the third day. On the fifth day
these patients received 200 mg of Hydrocortisone sodium succinate as
a single intravenous injection. The way in which the measurements
were altered from that in the first part of the study is showm in
figure ( 2 ). Thus tests were performed hourly for the first
three hours following administration of the active drug. Body-
plethysmographic measurements were also more frequently performed.

In this part of the study pulmonary gas exchange was invesfigaied

at the times shown in figure ( 2). The drugs in both parts of

the study were administered with the patient in a fasting state.

At the time of admission the nature and purpose of the study
were cxplained to the patients and informed consent was obtained.
All drugs, including bronchodilators, were discontinued. A chest
¥-ray, an electrocardiogram and tests of hepatic and renal function
were carried out. Three sputum specimens were examined for cvi-
dence of bacterial infection, Aspergillus fumigatus and eosinophils.
Absolute blood cosinophil counts were carried out on threc spceimens
of venous blood and scorum precipitins to Aspergillus fumigatus were
looked for. Immediate type skin hypersensitivity was tested to
a wide range of allergies, including those derived from mites of the
Dermatophagoides species. Reversibility of the airway obstruc-—
tion to subcutancous injections of 0.5 mg Adrecnaline aecid tartrate

and 0.6 mg Atropine sulphatc was also routinely perfornmed.
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METHODOLOGYs DEVELOPMENT OF TESTS, PHYSIOLOGICAL BASIS AND

IO,

INTRODUCTION,

In order to carry out as complete a functional assessnent
as possible of the pathophysiological changes brought about by
the administration of prednisolono to the patients in this study,
a coneid-rable munber of pulmonary function tests wvas carried out,
Bearing in mind that obstruction to the flow of air is the hall-
mard: of bronchial asthma it was this aspect of pulaonary function
that was particularly investigated. An essential factor that
wvas kept in mind in choosing the tcsts was whother the subjocts
were likely to be 2bl: ¢ willing to co-operats fully in their
perfornnnce. This factor was of speeial irportance becanse
the tests were to be prrformed on 2 manber of successive occasions
t> monitor the thorapeutic -ffcot of the drug. There 18 no
definite answer at presont as to vhich is the bost pulnonary function
test to pnrfom. in order to detsct and be able to cvaluate changes
ococurring in response to thirapy in bronchial asthma, Tdeally
the test should howevor b:o wvalid, that is, truly measure the parti-
cular aspect of pulmonary function one scts out to tost; and it
should also be adequately sensitivc and reproducidbl: (Sobol, 1971).

Hany studies reporting the correlation between various in-

dices of airmmy obstruotion both in normals and in patients with
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chronie airway obstruction have been published (Xory -t al, 1961;
Pelzer and Thomson, 1966{ Stein et al, 1966; litchell et al, 1967;
Sobol and Emergil, 1968; Allen and Sabin, 1971).  In gemeral it
has been found that correlations betwe-n such indices is signifi-
cantly higher in subjects with airway obstruction than in normals.
The ratio of forced «xpiratory volume in one second to the forc:d
vital eapacity (FEV,/FVC) as well as the maximua mid-e:piratory
flow rete (IMFR) have been found to bo highly correlatod, on a oross
sectional study, with the airway resistance. Hovever, they have
the disadvantage, that, on a longitudinal stuldy, such as following
the effect of corticosteroid therapy, any changes aff:ot both the

- mumerator and the denominator & the relationship; and under such
conditions a ohange in airwey resistance may go undetected (Cotes,

1971).

As previously disoussed, an inerease inbronchial contractility
may lead to an increase in lung volume which has the «ffcet of in-
creasing th: traction ~xerted by the lung parenchyma upon the airwvays,
hence pres-rving, up to & ocertain point, thoir pat.ney, Under
these conditions, t-ets of foroed cxpiration, such as the FE.'Vi. nay
remain normal or nearly so, but the F,R.Ce and the R,V, are very
often increased (Woolecock and Read, 1965). Such an increase in
the RV/TLC ratio with an apparcntly normal FIV, hes also becn repor-
ted following clinical rocovery in asthmatic patients (Weng and
Levinson, 1969). Conversely, a dimirution #n lung volumes without
an associatod use in F'EW,I has been deseribed by looleoek and Read in



in 1965. The mecasurenent of lung volun-s thus forms an integral
part of any investigation of pulmonary function in chronic airway
obstruction,

It is of oourse r-alised that a considorable degre- of disease
in the small airways can be presont without there being any d-finite
abnormality of airway resistance or of thewual spirom-tric tosts.
Only avemt 107 of the total airway resistance is contributed by air-
vays saaller than 2 ma in ddancter in normal subjects (Maoklea and
Yead, 1967). The det-etion of changes in airway resistance con-
tributed to by the small airways depends on the proportion of the
total airway resistano: which it forms and the degre: of revorsibility
of each component. Thus changes in airway resistance ocourring
in the amaller airways following therapy could possibly go undetoot-d.

Yacklon and Mead (1967) showed that the tinme oonstants (resist-
anoe » compliance) of the lung units distal to airways small-r than
about 2 mm were in the order of 0.01 seo. They comncluded that
wiler such circunstanc:s a four fold diff rence in time constants
between these units would be sufficient to cause a fall in dymanio
compliance with inoreasing respiratory frequency. Wooloock =t al,
(1969) found froquency dependence of compliance in five bronchitios
and four asthmatics in romission and interpr ted th ir results as
indicating obstruction in poripheral airways. Frequency 4-pen—
donoe of compliancc might be assuned to occur befor- there is any
d-tectable abnormality in resistance.
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It nmight thercfore b- expected that frequeney dependence
of compliance could possibly detoct changes occurring in the
snaller airways as a rcsult of therapy before and to a greater
extent than any of the mor: conventional tests. However,
frequency dependcmnece of compliancc has also boen report:d in a
musber of normal subjects (Woolcock -t al 1969; Ingram and Of
Cain, 1971) and this test is also a technically demanding measure-

ment (Flenley -t al, 1971).

The closing volume (C.V.) may be dc-fined as that lung volume
above residual volume at which the airwvays begin to closc, and it
has been suggested that it might beas'mnsitive mithod of measuring
ajirways obstruction. Its measurement is bascd on the fact that
inspiration from close to residual volume produc: s unev:n distribu-
tion of inspired air (Milic-Emili et al, 1966). Following the
injootion of a marker gas such as argon, during & slow inspiration,
" the subject is then instructed to -xpire slowly and smoothly.

The concentpation of the marker gas measur-d at the mouth is s-en
to rise to a plateau as the dead space is washed out. This
plateau indicatrs emptying of mixcd e pired alwveolar gas. As
the residual volume is approachcd the conccntration of the marker
gas rises sharply. This sharp terminal rise is attributed to
closure of the basal airways which ar gravity d pendent (Dollfus
et al, 1967). It has b-en suggested that th- inde> CeV./TLC
might be useful in d-tecting minor airway obstruction. Howev: r,
vhere therc is marked regional inhomog-neity, as in asthmatics,

neithcr a satisfactory plateau nor 2 clearly defined terminal ris-



is likely to be obtained (Clarke, 1971). Insufficicnt inforna-
tion is as yet availabl: about the use and walidity of this test
in airway obstruction. It was thus thought that measuring
both the frequency d-pendence of compliance as w<ll as the clos-
ing volum~ were unsuitable tests for use in this stuiy.

The toste performed to ass-ss the theraprutic effectivences

of prednisolone w:re therefore :

1. Direet neasur nents of airwmy r-sistance.

2. lieasur-nmts of dynamie lung voluues.

3¢ Heasurements of static lung volunes.

4. Dleasur-ment of blood gas~s and assessn-nt of pulmonary gas
erehango.

VEASURTNG AIRVAY RESISTANCE

‘a! D-;val@mnt of various methods of measuring resistance to brr.-atm

One of th- earlicet att mpts to measure airway recsistance was
the classieal study of Rohrer in 1915. Ho made meticulous ana—
tomical =m-asurenents on the trach-obronchial tree of s human lung
obtain~d at post mort o, using calibrated bougies, which he inscrta:d
poripherally whil dissecting proximal branches, and calculat~d the
total resistance to airflow of th- entir systen using Poiseuill-'s
formla. Ho orron-ously concluded that th- peripheral airways

wer responsible for about $07 of th- fotal resistance. ° CGa-ncler
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¢ al, pointed out in 1952 that Rohrer made an arithmetical mis-
take in ealculating Reynold's munbers l-ading to a tenfold ov r~
~gtimation of the velocity at which the transition from laminar to
turbulent flov would ocecur. Yore recmntly, Weibel (1963) showed
that Rohrer had grossly underestimated both the numb r and total
crosg~gectional ar-a of airmmays smaller than 4 mm dianeter, prob-
ably because ho studi-d 4 flated lungs. Mokl o and M-ad (1967)
introduced th- retrograde cath- ter techniqu  and showed both in
living dogs and e oised hunan lungs that the p-ripheral resistanc
acoounted for a v ry small proportion of total airway resistance.

The first e perim ntal study of total pulmonary rosistance
in the living animal was made by Von ¥ ergard and Wirz in 1927.
They reasoned that because of the large alveolar volume r lativ
to the airmays, the pressur: in the airmay following int rruption
of the stream should rquilibrat in a very short time to ths pross-
ur- that e isted in the alveolar prior to interruption. Their
m-thod was further dev-loped by Vnilleunier (1944) and us d by Otis
and Proctor (1948) and Otie, F hn and Rahn (1950). The asgwp-
tion on which the 'int rruption technique? is bas-d is only partly
valid. In practice the pressure = asured during interruption
is not -ynetly the same as the alveolsr pressure b fore interrup-
tion becuas: the en-rgy of mov nent of th- lungs, and to some ex=
tent that of the chest wall and dis 1y is convort 4 into press-
ure onc. th uoven nt is interrupted (i ad and Yhittenberger, 1954).
This method was nodifi 4 by Ainsvorth an? Zv-leigh (1952) so that
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flow wos obtained from the pressure drop across an ~xtornal rrsis-
tanc- of similar airflow charact-risties to th: lungs, ob iating
a need for a flow mrz-tor.. Later, Clea:nts and Elam (1955) in-
troduced o rapid repotitive interrupter that interrupted airflow
about ten tines a secondl. This giv'e satisfactory roproducible
and acourat: results for total pulmonary resistance.

Bayliss and Robertson (1939) first ventilated isolated animal
lungs with gas s of different density and viscosity. They us-d
hydrogen and air, and basel thoir inv stigations on th- assumption
that airvay resistanc but not tiseu: resistance would vary with
the viscosity of the gnses broathed. They mistakenly concluded
that most of the Ylung viscance® is in th- tissucs. Fry et al
(1954) using an argen-o:yg n misture on hunan subjects reached th
opposite conclusion. MeIlroy -t al, (1955) peinted out that th
prvious studies based on this assuaption had undercstimated the
£ cts of changes in the gas properties on Reynold's nurber and
hence in tho distribution of turdulcnos in the airmmys. They
str es.d the point that mi-tures of -cual ldnenmatic viscosity should
be used to ensurc similar distribution of turbulence within the air-
vays, 28 o given flow. They estimated tissu- resistance to be
about 30 - 407 of the total pulmonary resistanc:. Hore rec:nt
meagur-ments using Aiff rent t-chnicues (lacklem and 11ad, 195T:
Bachof'n, 1968;) indicate that tissuc v sistance is probably neg-
ligible. Probably a pressure differ ne- du- to static pressure
volune hyst resie, which is not flow resistive in nature, wao in-
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cluded in earlier nmeasurcments.

Buytendi jk (1949) employed an oesophageal balloon instead of
an intraplcoural ncedle to measure pressurc chang-s in the intra-
ploural spacc. The introduction of th- ouophagval. balloon to
‘stimate intrapleoural pressur- (Fry et al, 1952; lead and Whittrn-
berger, 1953) and the car-fully worked out technique of Milic-mili
ot al, (1964) wer: major steps in th- =easuren nt of lung mechanics
and provid d the physiologist with 2 safe n asurenent of trans-pul-
monary prossure. Several t-chniques are now availadble for moas-
uring non-elastic resistanc: from intra-ocsophageal pr ssure, flow
or volun: tracings, but thoy all d-penl on the measuren nt of non-
‘lastic prossure by subtracting or -liminating the pressure oxort:d
against clastic resistance. Perhaps, one of th: most satisfact-
ory methods for th: measurencnt of airwvay r sistance from intra-
ocsophag=al pressure and flow tracings is by the subtraction m-thod
of Mead and Whittenberger, (1953).

The introduction of body plethysmography in th: study of
huzan pulmonary physiology is generally attribut 4 to Pflug-r (1882).
He m-asured his own intrathoracic gas volume by applying Boyle's lav
to relate changes in alv-olar pressur: to simultancous changes in
lmtl;g volun: . Pfluger design'd a wooden cabinet in vhich h- eould
sit and voluntarily compress tho gas in his lungs, the volume change
being mecasured by a small spironcter attached to the chasber and the

pressure at the mouth being simultaneously measured by 2 mercury man-
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ometor.

The method of mcasuring alveolar prossure indirectly from
ncasurements of alveolar gas compression and ec.pansion wvas agein
proposed and att mpted by Sonn- in 1923, but its first practieal
application wves made by ™a Bois «t al, (1956) who elev rly overcame
the problems of measuring alveolar pressure. They have provided
the only succ:ssful teMm at pres nt available for the measurce
nent of alveolar pressure. With their nethod, alveolar pressure
a2t any instant can b deduo-d from plethysmographic pr ssure changes.
S«veral deseriptions of modified techniquss bave since appeared in
the lit-ratur: (Barg ton, 1959; Bartlett, 1959; Comro- et al, 1959;
Mead, 19603 Geubelle and Scntorr-, 1963; Jo ger and Otis, 19643
Saciner % al, 1964; Sobel, 1949; Bmidt ot al, 1969) attompting to
make the measurenvnts ev:on more sceurate. Head (1960) revived
the original volum ~digplac: ment plethysumograph of Pfluger with

great success.

Another method whioch measur-d total reepiratory resistanc
(aimay, tissue and chest wall) is that in vhich fore«d oscillations
are gnerat:d from a loud upoa}au‘- at or near rcsonant frogqucncy of
the lung. The principle underlying this techniqu ., which was
also first introduc-d by Du Boie et al, (1936) is that, at the res-
onant frequency <lastic prossures ar. eractly oqual and 180 degre @
out of phage with in rtie;.l pressures, thereby cuno - lling -ach other
out. Pressure and flov ar< th'n in phase nd their r-lationship

2 sorid s the pulnonary flow resistanc-. It is of potential
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valus in measuring resistanc- to breathing of pati nts who cannot
undergo body plethysnmography, such as the acutely i1l pati nt
(Pisher et al, 1968). Goldman ~t al, (1970) hav- simplifi-d
the techndoue by using the faet that tvie- in ~very eyel: the rate
of change of Tlow is zero, ther fore the inertial couponent of the
pressure ie zero. These peinte in tin: occur at positions of
equal volume, andl therefor~ equal ~lastic pressures. Hno- th
chang: in preesure over this time interval can be related to the
change in flow to give the total r spiratory resistance.

!b} amnim and ﬂihmtim of apparatus.

The construction and calibration of a constant volume dody
pleothysmograph was personally supervis d in our laboratory. it
was also cnsured that rosults obtained from it wrre reliable and
r-producible. Perhaps, as suggested by Bargeton an’ Barres (1949)
it should be callcd a Yslosed bo * {yps of plethysmograph 2s the
terus constant volun and constant pressure plothysnograph arc nig-
1l ading sinoe in both types th- mass of air in the bor undorgoes a
volun: and pr ssure change.

The plothysmograph built in this laboratory is box shaped and
made of Harine a-ven-plywood with a hingless door that has a glass
vindow at face lev-l. The door is clamped firnly to the box by
meang of twelve stecl elips and made airtight by means of a rubbor
gasict around the p riphery. Its volune caloulated geometrically
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is 347.2 litres. Comminication botwoen the operator and the
subjoet i no problum as the usual spealdng voie: carrics through
the walls of th- bor.

Toro 1,DeCe nmicromanoncters supplied by Purness Controls Ltd
hav: ben used t0 = asure changes in flov and mouth pressure and
changes in plethysnographic pressuro. They ar- comnected to the
nouthpiee  and pnoumotachograph by non-compressible plastic tubing
about 3 ft. lonz. The manonet re are sensitive preesure n asur-
ing devices ocapable of measuring 2 gas pressurc dom $0 10dm s pr
81. cm. for a full soale deflection. The nicromeanonm-terst
measuring heol caonsigts of two symmetrically arranged caviti s s p-
arated by a metal diaphrags. The diaphragu together with a
firzed elcotrod- on dther sid , foras two condensers which ar: part
of th~ tuning capaciti ¢ of two tuned eircuits both -qually ecoupl &
%o an R.,F. osmeillator. Nov-ment of th: diaphragn couses 2 varia-
tion in the capacitanc betwe n it and each adjecent el ctrod , thus
unbalancing the voltage across the tuned circuits. Thepse voltag.s
are coopared by a differential rectified volincter, and the Aiff r—
sno> is showm on a moter calibrat d directly in pressure.

The frequency response of th: nderonanometers was tested by
comparing then with an Blaa Schonander manometer (5 - 15 mafi20)
which was Imown to have an e.cellent frequency r spons . The
pressur. in the pl-thysaograph, vwas neasur 4 by both the M.DeCe

manomet » and the Slma Schonanler manon ter simmltancously.
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Similar lengths of tubing were used to conmncct both manomcters, the
readings boing fed into a dircot writing mlti-chamncl rccorder (80
Elema Schonander Mingograf) and an oseillosocop-. The MeDeCo mano-
meter had originally a sintered filter on cach side of tho diaphragn
which brings about 2 loss of frequency response by introduecing a re-
sistance ecapacitance filt r. The latter induces piase shift b -
tween th- transduc rs at inor-asing frequenci-s (fig. 3).

The rrmoval of the sint red filters corr-ct-d the M, D.Ce's loss of
froquoney response and phase shift showm by adding 35 ml at 1 - 5

Hz. (Fig. 4 )



75

Plow was measur:d with a heated Fl-iseh pneunotachograph with a

lincar responsc betve n 0 and 2.5 1/scc.

The plethysmographic prossure signal was fed into the horison~
tal, and the flow and mouth pr-ssure signals, in succession, into
the vertieal, arie of a cathode ray ozeilloscope (Solartron C.D. |
1400)., The vovtor loops produced by the subjoct's panting mano-
ouvees were displayed on the oseilloscope sore«n (pj., 5 and their
slopes obtain:d by visual aligaent vith parallel lin-s ruled on a
Perspox dise whioch rotated within a fi-ed protractor seale in front
of the sor-en. Th- visual mthr;xl was us-d for convoni nc: since
it has previously been clain.d to agree adequately with the more x-
pensiv: method of photographing the vector loops and then nessuring
their angles (Tu Bois et al, 1956 by Butler ¢t al, 1940). This



MS

PLETHYSMOGRAPHIC VECTOR LOOPS

photographed from oscilloscope screen

EEERRRAR




7.
method was found 10 be a very satisfagtory onc.

The body plethysmograph was calibrated by mcans of a simpl«
punp with a stroke displacement of 35 ml of air. This was st
%o produce a deflection of & om on the oscillomoope. The box
calibration fastor is therefore 20 ml 5.85 nl/em d=flecetion.

As the plethysmograph vas always oalibrated when eupty, th- cali-
bration is adjust.d $o the small r volune of air which is pres-at
vhen there is 2 subjeot sitting in the pl thysmograph, by usans of
th: following relationship:
Pa=Py  (Vprcen. - W)

/ V pleth.
1.07 )

vher P, = initial calibration factor, 5.85 nl/em 4-f1 ction.

1
1.07 = Assuned av rage 4 nsity of the human body.

V. pleth.= volune of body plethysaograph.

A problom that ocours in the m-agurement of the signal from
th- pl thysmograph is outside pressure changes. There are differ-
ent nmethods that are used to stzabilise the measur-ment, of the pres-
sure in a constant voluse plethysmograph. If the input in the
Aiff rential pressur: transduc r that is not comn-ot 4 to the pl-thy-
snograph is left op'n, all changes & the outsid- prresure, as can
ocour in op-ning and closing doors or in windy w ather, will inter-
f're with th signal (Comroe =t al, 1959; Smidt et al, 1969).
Tiue to mininine such pr ssure disturbances fro: outside a 500 =l



TABLE I

Repistance offored by mouthpiec: and pnecumotachograph head to various

rates of air flow.

{r( 1/min) P(mH,0) R.(cn H,0/1/sec).
50L/min 2.16 muH,0 0.26 @aH,0/1/sec.
601/min 2,60 " 0.262 "
751/nin 3.36 " 0.268 "

1001/min 4.30 " 0.258 "
1501/min 650 " 0.260 "
2001/min 8.65 " 0.260 "

Each valuc is the average of thrce cons-cutiv. measurements.,
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bottle was attached to the second input of the transdue-r as a
closod roference pressurc. All doors and windows in tho lab-
oratory wer: kept elosod during the m-asurements.

liouth pressurc was ocalibrated by means of 2 simple wator mand-
meter; 4 on of water pressur: being used to give a d=floction of 3 en
on the oseilloscope. The mowth pressur: calibration factor (P,)
is thus, 4ou H,0/3 on = 1.33 eu H,0/cn deflection.

Flov was measured by mcans of a Floisch flow metor, which was
previously calibrated by means of & rotameter. A flow rate of
60 1/ain wos cet to give a deflection of 2 em on the oseilloscope.
The flow calibration factor is therefore:

1 1/see/26ca = 0.5 1/scefen d-fleetion.

The resistance offered by the mouthpi-ce and pneumotachograph
head was found to be : 0.26 om H,0/1/sec. (sce Table I).

Airay resistancs depends for its calculation on the simlta~
ncous measuremont of the ratc of the flow of air as woll as the

pressur: difference botweoen the alvooli and the nouth.

AMrvay resistance (Raw) = Alveolar to mouth ¢ PA)
Bate of aiwn Flow (7)
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The rate of airflow can be easily mcasured by a pnoumotachograph at
the mouth. Alveolar pressure ocannot however be measured during
airflow; but it caa b derived by making usc of the coupressibility
of $he air in the lung and applying Boyle's law, to caloulate it
fron measurcments of changes in plethysmogrephioc pressure. — The
relation botwoen alvoolar and plethysnographic pressure is defincd
by measuring mouth and plethysuographic prossures during a panting
manoeuvre against a elos-d shutter. During this procodure ther:
is no airflow through th- respiratory system and mouth pressure is
assused to equal alveolar pressure. With the subject mitting in
an airtight chambor, the volume change owing to compr-asion and oy
pansion of air inside the thorar; occcurring during _expimtian and
inspiration, producesconcomitant and rociproecal changes in the plethy-
saographic air ocuteide the lungs. Hence, at any instant, the re-
sulting pressure change in the box must be opposite in sign to the
prossure change in the lung. Such changes in plethysmographie
pressure cun bo quite casily measursd contimously during the ros-
piratory oyele.  Changes in air flow are plotted simmltan-ously
againat plothysmographic pressur: chang:s vhich in turn, as has
becon shown, are proportional to changr-s in alveolar pressure.
Imediately after, changes in plethysmographic pressure are plotted
against nouth pressure as the subject pants agsinst a closed shmit r;
this step t;ezwa to relate changes in plethysmographic preossure to
changes in alveolar prossure. Therefor-, alveolar prossure is
effectively measured during flovw, sinec the alveolar pressure for a
given plethysmographic pressure is the saze whether or not flow is



interrupted provid-d the ratio of lung to plethysmographio gas
volun: is constant.

The differcnc: betwe:n this uethod an’ previous interrupted
methods is that the interruption of flow of the plethyassographic
method is simply the means of calibrating the changes in ploikysao-
graphic pressurc: in terms of alveolar pressure; the values for air-
wey resistance are always obtained durings unintorrupt-d flow.

Boyle's law only applies if the condition of the human lungs
onn o sofibl. 40" bs Tootbesunl, - | “If Abb esoditichs sre alisbetic
then .th-.: epresasion P.Ve = Xk, no long:r Rolds. Under adiabatic
conditions P.V. = k, wher = Cp/Cv (Cp = specific heat at constant
pressure; Cv = specific hcoat at eonstant volwuc). Holte (1978)
investigating this problem fownd that th ro wes uo differ nee in P.ll,

C. vhen this was measured with subjects broathing air ( = 1.40) and
breathing a heliwn/o'ygen miture ( =« 1.61). He concluded that this
was ovid-ne: of appro-imstely isothermal conditions in the lungs,

thus justifying th- application of Boyl-®s law.

Panting may be consider d as a rathor wmsunl physiological
nanooavy: to perfor: as far as spontancous br athing patterns are
omecerned. It was the vay, however, in which Du Bois ot al (1956)
solvod the prablem of thernmal schange vhioh ooceurs whon normal tidal
volws- broaths are used.  Waraing and v tting of the inspired air
leads to an inercase in the volume of thoracie gas and consequently
t0 an increasec in the plethysmographic pressure vhich is sup rimposed
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a8 an artefact on the signal due to actuasl changes in lung volums.
Cooling and condensation of tho expircd air also has an effect but
t0 a lesser dogreej the resultant offcet of normel quiet inspiration
and cxpiration being an inercage in progsure inside the plethysmo-
graph. Panting through a heated pnewsotachograph reduces the
gizc of this artefact.

There have becn other attempts to overcons the artefact pro-
duced by thermal -xchange to allow nmeasur ments to b made during
breathing pattorns rather than panting. Anong these was the
sugg-stion put forward by Du Beois ot al, (1955) to make the subj ot
rebreatie from a rubber bag containing hot waicr, this would tond to
koep the respir:d air at oconstant temperature 2nd saturation.
Bartlett ot al, (1999) designed a plethysuograph with elaborate
air conditioning. Jaggor and Otis (1964) asked their subjects
t0o rebreathe from a 13 litre rubber bag that was filled with 3 - 5
litres of a 5% 00,/957/02 gas mirture and shalen with 20 ml of hot
walar, the bag Deinig wmed vhar 158 Sanparetuie was 40,

Du Bois et al, (1952) suggested on theoretical grounds that
tﬁo rato of oxygen tranaf r acroses the alveoli is probably con-
stant, wvhercas the ratc of carbon diorids elimination varies
throughout th- respiratory eyele. The two gas:s behave differently
bocange of the diff.rent slopss of thoir dissociation curves. The
ecyclic variations of 002 production that take place during the res-
piratory cyele produce similar chang-s in the rate of volun- displace-
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ment of the pleothysmograph (Jasger and Otis, 1964). Te latter
authors found that a decrease in breathing froquency inoreased the
amplituds of the variations of 00, transfor. The variations of
the respiratory o change ratio during the breathing cyele are nini-
mized by panting (Du Bois ot al, 1956; Jasg:r an? Boumys, 1969).

The resistance d the upper airwvays inerease apprecicbly during
an ordinary quict o:piration and contribut e a substantial fraction
to the total resistance. S0y paradorically, it seems that spon-
tansous breathing rosults in an increase in upper airway resistance.
Such an inmerease oan be avolded to o great ertent by a panting mano-
euvre vhen tho upper aimay resistanc- tends to doer-as- and becouc
fived. Therefor:, neasurenents of airmmy resistance, are said to
be more satisfactory and less variable than thoge mad: during spon-
tancous breathing (Hsad, 1971). In order %0 get a truer value of
airwvays resistancc it is nooessary to minimize the :lastic and inor-
tial ocomponents of total lung reosistance. Panting rosulte in a
decrease of th: elastiec component and during this menoeuvre, the in-
ertial couponent is amall (McDermott, 1971). Henoe the panting
teohnique which started the developnnt of body plethysmography,
appears to be still the bast practieal approach for most applications.
This has recwntly boen confirmed by the work of Stancseu et 2l (1972)
vho fowdd that the glottis was definit-ly vid-r during panting than
during cuiet breathing.

d) Details of Method.
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The subjects were instructcd in the test procsdure and wore
taught how to pant. They then cntored the body plethysmograph
and the door was clamped down. The subjocts mat eonfortably in-
side the box and could casily commmicate with theoperator outside.
They had the mouthpleoce adjusted to their height; this ensured that
there wags no erouching, vhich ecan caunas: flexion of the neck and ocom-
pression of th: upper airvays (Cuyatt and Alpers, 1968). The
rigc in plethysmographic preossure that took plac: as the subject
varned and umidificd the air cround him wvas equalised ¢$o awmbient
roon pressure by repeated venting by neans of a large dbore solenocid
cantroll:d valve until the pressure drift with the vent closed was
80 slight that it did not interfere with neasurcments. This um-
ally took betwoen two to threc Mtr*a. The subject was thon ask
d to put on a nose clip, place the lips tightly round the mouth-
picce, support hie cheeks in order to minimiz: any variation in the
volume of the buccal cavity and carry out a panting manoeuvre through
an open glottis, The subjects were askod to pant through the
heated Fleisch pneumotachograph at the end of a normal expiration,
that is, as near P.R.Cs a8 possible. Flow was plotted against
body plethysaographic pressur: and the angle produccd on the face of
the oscilloscop: was measured as 1. Tho opurator then actuated
the shutter to block off the mouthpioce and the subjeot was asked to
contimie to make shallow panting «fforts agninst it. During thes-
efforts mouth prossure vas plotted against the box pressure and the
angle recordcd as 2.
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Five deterninatione wer- made for each subject, at a breathing
frequency of about 1 - 2 cyeles/sec and at flow retes of 0.5 1/sec.
The initial reading was discarded and the mean of the last four
taken. When body plethysnographic measurcnonts werc carried
out during this stuly, these were always the first tosts performed.
This procedure was adopted because o foreced inspiration, or a for-
ced expiretion, carried out, for e:ample, during an FIV, sanceuvr:,
could possibly alter the values for airway resistance, as shown by
Butler et al, (1960 Nadel andTicrmcy, (1961); Lloyd, (1963.)  Bron-
chial obstruction induccd by spirouetry has also been recently den—
anstrated by Cimeno ot al, (1972) in patients with chronic airway
obstruction. '..'c;oloaok et al, (1969) have recently shown that
total pulmonary rcsistance at a given lung volume is higher when
that volume is attaincd dy inspiration than by <xpiration and that
this differcnos is reduced by atropine. They suggest that the
cffcet of volume history on the airweys is dopendent on efferont
vagal impulses modifying smooth musol: tone. The subjects in
this study were instructed and shoin how to reach their P R.C.
through a normal quiet cxpiration. With & little training most
subjocts wer: able to produce clear and reporducible vector loops
and changes in airwvay resistanc: ani thoracic gas volume wer: sasy

to follow.

The importance of the rclationship between airway resistanc:



(Raw) and the lung volum- (Vtg) at which ib is mcasured is self
evident, and Raw should be standardisecd for.ths Vig at which it is
obtained. Briscoe and Du Bois (1958) stated that when Raw is
plotted against Vig the rclationship is a curvilinear onc.

When how: ver Vig is plotted against the rcciproecal of Raw, i.e.
airway conductance (Gaw), they claim that the relationship appeared
to be linear and related Gaw, rather than Raw, to Vig;

obtaining specific conductance (S@aw) by dividng Gaw by the Vig

at which it was mecasured. The r<lation betwe:n Gaw and Vtg has
been shovm to be not so pnrfgctly-linear, and it has bren sugpgested
that Gaw is morc linearly related to intra—oesophageal pressur
(Butlor ot al, 19603 Linderholm, 1963). However, th- validity
of specific conductance has been examined and confirmed by various
workers (Pelzer and Tﬂomson, 1969; Guyatt et al, 1967, 1948, 19?0;
Bates, Macklem and Christic, 1971). o grounds for using nore

sophisticated corrections have been found.

Normally both tho flow-plethysmographic pressure (%/Pb)and
the mouth pressure-pl thysmographic pr ssure (Pm/Pb) r-lationships
are ractilinear an? can be displayed on an oseilliscop~ as lincar
closed loops. ‘HbBwover, in somc ocases of nark:d airway obstruc--
tion, the Pq/Pb v-ctor loop is splayed out. This is probably due
to ineompli te cquilibration betwen alveolar and mouth pressure during
the closcd shutter manceuvr:. In such 2 case '"looping' would in-
troduce inaccuracies in the m asurement of the angle and the calcu-
lation of both Vig and Gaw; but would hardly affect SGaw sinceiit

can be calculated that th: measurement of SGaw is obtained
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from the V/Pb ratio along (Pelzer and Thomson, 1969).

Because of th: systematic increase in Vig in patients with
poor Gaw, e.g. asthmaticr. the fall in Gaw is proportionately
emaller than the fall in SGaw. Consequently SGaw is the more

diseriminative index.

(£f) Normal values obtained by body plethysmography.

In order to establish a set of normal values for our body:
plethysmography and to find out how thesc compared with values in the
literature, measurements wecre carried out on twenty-six subjects.

The latter were either members of the department or: mediecal students,
and were divided into three groups; females non-smokers; males smokers
and malcs non-smokers. (see Table II). Individual values arec

included in Appendix (Table 1).

In order to try and discover how variable the body plethysmo-
graphic measuremcnts may be, ten of the previous svbjects had the pro-
cedure repcated on five difforent days, at approximately the same time
of day. A analyeis of variance has been carried out on the values
obtained (Table II1). Individual values are included in Appendix
(Table 2). This shows that the source of variation within subjects
ie extremely small compared to that between subjects (F more signifi-
cant than .001% level). Hence it may be assumed, that & lcast

in normals, this test is quitc repeatable.



TABLE II

Body plethysmographic valucs for 26 normal subjects.

Mean and Standard Srror.

SUBJECTS AGE Raw Caw Vig. SGaw
oa E,0/1/sec| 1/sec/cull,d 1 1/sec/call,0f

8 females| 18-32] 1.1440.06 | 0.89+0.045 | 3.36+0.148 | 0.27+0.01
noN= yrs.

smokers

13 males | 19-45] 1.0840.038 | 0.9440.033 | 4.1440.149 | 0.2340.01
non- yrs.

snokers

5 males | 21-35|1.4840.071 | 0.7040.035 | 3.69+0.134 | 0.1940.01
smokers yrs.
The individual values are included in the Appendir (Table 1). The

valuee obtained wers very similar to those obtained in other normal

series (Pilzcr and Thomson, 1956; Cuyatt and Alpors, 19458; Cuyatt ot

al, 1970 and Allen and Sabin, 1971).

Values obtained from data

report-d by Allen and Sabin are r<produced overleaf for comparison:-



TABLE II

conte.
SUBJECTS AGE Raw Gaw Vig. SGaw
2 females |15=19 1.54 0.65 2.33 0.29
non- yrs.
snokers
12 males 22-84 1.?5&’].03 D q0-£3.39 3.7",'-_1:0.17 0.1’:‘3:0.01
non-- yrs.
snokers
snokers yrs.




Analysis of variance on repeated plethysmogiaphic measurements.

TABLE ITT.

Source of wvariation Sum of square disfa Mean square F Variance.

Vtg between subjects 14.3764 9 A.mwﬂb 133:7 0.3171
within subjects 0.4788 40 0.0120 0.0120
total (about mean) 14.8552 49

Raw between subjects 1.03 9 0.115 32.85 .0223
within subjects 0.14 40 0.0035 .0035
total 1.17 49

Gaw between subjects 0.81 9 0.09 30 0174
within subjects 0.11 40 0.003 .0030
total 0.92 49

SGaw between subjects 0.0293 9 0.00325 20,96 .00062
within subjects 0.0062 40 0.00015 .00015
total 0.0355 49
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2. MEASURING STATIC LUNG VOLUMES.

Borelli, in 1680, i& said to be the first to have measured the

inspiratory voluue of the lung and to call attention to the residual
volune. Davy, ian 1800, measured his own residual volume, which

ho then deseribed as "rosidual air", by introducing a method based

on the dilution of a lmown wolume of hydrogcn, which hc made himself,
by the 'rosidual air' in the lungs. The subject was asked fo take
5 = 7 deop and rapid breaths after forcibly emptying his lungs.

In 1846, John Hutchinson, a surgeon, attemptcd to name the various
sub-divisions of the lunge and mcasured vital capacity, using 2 spiro-
meter. In 1860, Grehant calculated the volum: of gas left in the
lung at the ond of a normal cxpiration - F.l.Cs, basing his study on
Davy's method. Davy's method was modified by various workers dur-
ing the following century, including Bohr (1907), but it was difficult
to perform and poorly reproducible.

Van Slyke and Binger made the next real advance in 1923 by wusing
hydrogen dilution without ®reced breathing, ni ing being accouplished
by quiet respirations from a épiromcter, for from 5 - T mimutes.
Their method was thus more suitable for clinical applicaticn.
Difficulties arose with tho analysis of hydrogen, and moreover, the

dangers of explosion and poisoning - ith arsine due to the impurities



in the zinc used in the production of hydrog:n were serious draw-
baoks. Christie (1932) reviewed no less than forty-seven pap-
ors dealing with methods available up to that tine for measuring
lung volumes. He eoncluded that the method of Van Slyke and
Binger was the best but suggested using ~itrogen as the "indicator
gas' instecad of hydrogen, the subject breathing from a spirometer

with a Jmown volume of oxygen - the oxygen dilution method.

Lassen, Cournand and Richards, (1937) pointed out an 'oiygmn
storage offcet! which they belicved introduced errors in the cal-
culation of the volume of the lung by Christie's method. They
modified the latter's calculation to allow for observed differences
in the concentration of nitrogen between alveolar air and the spiro-
metric circuit at the end of the rcbreathing period. Herrald
and MeMichael, (1939) modified Christie's method by matching the
oxygen consumption of the subject with a controlled inflow of oxy-
gen through a calibrated necdlc valve, so that the volume of the
lung - spr lometer system remained constant during the rebreathing
period. They proved that this alteration abolished the 'oxygen
storage effect?. Christie's oxygen dilution method proved to be
unsatisfactory in paticnts with uneven ventilation because equili-
bration betwesn subject and eircuit was delayed. lolichael
(1939), contimuing the constant volume feature of his earlicr
mothod, re-introduced the foreign gae principle, =mploying hydrog:m
the analysis of which was made rapid and simple by a thermal con-

ductivity analyser.
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Hemecly and Kaltreider (1941) replaced hydrog'n with helium
becaus: it had all the advantages and none of the dangers of th-
hydrogen method. Gilson and Hugh-~Jonee (1949) report 4 a simi-
lar closed-ecircuit method using heliu: with o yg:n as the diluent;
this requires a long poriod of oxygen broathing befor: the measure-
ments wore nad-. Mone-ly and Kaltreider (1949) used air instecad
of o-yg-n in tho circuit. Weinor and Coopor (1956) comparing the
a-thods of Gilson and Hugh-Jones (1949) with that of Mene-ly and
Kaltreider (1949) showed that the latter®s method is simpler, can
b- performed more rradily, is casier for the patient and is as r -
liable as the Gilson and Hugh-Jon s method.

In the closrd-circuit heliun dilution method, leneely and Kalt-
reider (1949) recomended the subtraction of 110 ml froa the deter-
mined value of the lung voluae azg a corr ction for absorbd h lium,
The authors, however, pr-sent 4 no data to support th- derivation
of this corrcetion and wer: not convinced that it was correct.
Hologr-n (1954), on the other hand, claiming that the catharometer's
sonsitivity was too low to det ¢t the sazll quantity of heliur that
would be absorbed, introduced no corr ection. Birath and Swenson
(1956) again proposed a correction factor for the small m of
heliun absorb.d by the blood; this however has not been waiversally
adopted (Bates, liacklen and Christie, 1971). . No corr ction
factor has been applid in th ealculation of lung volumes carri d
out by closed-cirecuit h-lium dilution in this stuly.
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A new principle for the measurcment of lung volume had been
introduced by Darling, Cournand and thcir associates in 1940.
Their methud lmown as the open circuit nitrogen clearance techni-
que involves the displacement of nitrogen from the lungs by oxygen
breathing, and calculation of the volume of nitrogen expired by
analysis of the nitrogen content of expired air. As the
method depends upon multiplication of a large ges volume by a value
for nitrogen concentration, small analytical errors in measuring
nitrogen concentration will result in considerable error in the
calculated FeReCe The open—circuit technique is simpler in the
sense that it requircs less in the way of ecquipment than the closed
circuit method. The results of both methods have repeatedly
been shown to be comparable (Gilson and Hugh~Jones, 1949; Hotley,

1957; Boren et al, 1966).

Lamphier (1953) indicated that it would be useful to have a
method that would require a single breath as the test procedure
and therefore allow rapid and easy measurement of lung volumes.
Forster et al, (1957) described a modification of the closed-cir-
cuit, helium dilution method. In this method, a maximal inspir-
ation is taken, from residual volume, of a gas containing 107
heliun. This breath is held for approximately ten seconds and
then expired completely so as to provide a sample of alveolar gas
for analysis. Ogilvie et al, (1957) considered the value ob-
tained by this technique as unreliable, Mitchell and Renzetti,
(1968) evaluating the single breath method for measuring TeL.Ce.
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found that it correlated very well with the closed-circuit helium
dilution method and body plethysmography in 22 normal subjects.

In 52 patients with pulmonary disease, they found that both gas
dilution methods measured similar volumes which were significantly

less than those measured by body plethysmography.

As has been mentioned in the previous section on the measure-—
ment of airway resistance, body nlethysmography also yields measure-
ment of thoracic gas volume, In fact, when it was first used,
it was measurements of lung volume that were obtained rather than
measurements of airways resistance. Paul Bert (1868) seems to
have been the first to observe changes in pressure simultaneously
with pulmonary ventilation in a closed chamber containing an animal,
which were described in a paper entitled "Changements de pression
de ltair dans le poumon pendant le deux temps de lYacte respira-
toire" read at the 'Societe de Biologie de Paris' under the chairman-
ship of Claude Bernard. In 1870 he wrote, "c'est un moyen fort
commode dfenregistrer la respiration des animeax". In 1882,
Pfluger in a paper entitled 'Das Pneumometer?! re-stated Paul Bert's
findings; he went on to measure his own intrathoracic gas volume by
a "decompression method'; whereas the voluntary compression method
had been described by Gad, (1881) as cited by Bass, (1925). It
is perhaps not sufficiently appreciated that Robert Menzies in his
thesis, 'Tentamen Physiologicum Inaugurale de Respiratione' submit-
ted for the degree of M.D., in Edinburgh had actually managed to
measure tidal breathing in man, using a water filled plethysmograph,

as early as 1790 (see Figs.5,7,
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EXPERIMENT. II.

Howmo fanus et valens, pedes quinque digitof-
que octo procerus, circuitu thoracis tres pedes
trefque digitos explens, in dolium / B € D, uti
in figura 4ta delineatur, arcte inclufus elt, quod
aqua gradum thermometri Fahrenheiteani nona-
gefimum temperic adaequante repletum eft, do-
nec ad eam colli, quae ad alcenfionem et defcen-
fionem metiendam maxime accommodabatur,
paitem afcendit. Haec autem ex digitis 1.23
attingere notata eft.  Pulfus arteriarum, et an-
te et poftquam immerfus eft, 64 aut 63, et re-
{pirationes 14 vel 14y, ut frequenter ante fuerat
notatum, fingulis minutis, fuerunt. Et omni-

10 eadem duas horas et amplius manferunt, per
quod fpatium in dolio moratus eft, ne minimam

quidem moleftiam in {piritu trahendo vel emit-
tendo, vel in re qualibet alia, fentiens. Quin-
etiam, per omne id tempus afcenfio et defcen-
fio digitum unum partefque ejus viginti quinque
centefimas,ad minimum,adaequare conftanterre-
perta. Infpiratione vero profunda facta, tantum
acris in pulmones irruit, quantum ut aqua vafis
cylindrici labra tranfgrederetur fecit. Cum area
vafis cylindrici fuerit 55.41 digiti quadrati, et a-
reacolli 18; 55.41—18X 1.25=46.706 digitos cu-
bicos, ut.\g'u_g@titatem, quae ab hoc viro refpirari
folebat, ac¢ris habemus. Idem experimentum
cum eodem fere exitu ter repetitum. Ne quis
error vero ab aliqua caufu ortus fuifiet, refpira-

tionum ejus per aliantoidem periculum facere

duxi efle neceflarium.
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EXPERIMEINT. 1L

Homo fanus et valens, pedes quinque digitof-
que octo procerus, circuitu thoracis tres pedes
trefque digitos explens, in dolium A4 B € D, uti
in figura 4ta delineatur, aréte inclufus elt, quod
aqua gradum thermometri IFahrenheiteani nona-
gefimum temperie adaequante repletum eft, do-
nec ad eam colli, quae ad alcenfionem et defcen-
fionem metiendam maxime accommodabatur,
partem afcendit. Haec autem ex digitis 1.25
attingere notata eft. Pulfus arteriarum, et an-
te et poftquam immerfus eft, 64 aut 63, et re-
Ipirationes 14 vel 14y, ut frequenter ante fuerat
notatum, fingulls minutis, fuerunt. Et omni-

10 eadem duas horas et amplius manferunt, per
quod fpatium in dolio moratus eft, ne minimam

quidem moleftiam in {piritu trahendo vel emit-
tendo, vel in re qualibet alia, fentiens. Quin-
etiam, per omne id tempus afcenfio et defcen-
fio digitum unum partefque ejus viginti quinque
centefimas,ad minimum,adaequare conftanterre-
perta. Infpiratione vero profunda facta, tantum
acris in pulmones irruit, quantum ut aqua vafis
cylindrici labra tran{grederetur fecit. Cum area
vafis cylindrici fuerit 55.41 digiti quadrati, et a-
reacolli 183 55.41—18X 1.25=46.76 digitos cu-
bicos, uth\_limitatcm, quae ab hoc viro refpirart
folebat, acris habecmus. Idem experimentum
cum eodem fere exitu ter repetitum.  Ne quis
error vero ab aliqua caufu ortus fuiflet, refpira-

tionum ejus per allantoidem periculum facere

duxi efle neceflarium.
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The lung volume measured by the body plethysmograph is kmown
ag the thoracic gas volume (Vig). This is the total volume of
gas that lies inside the thorax whether or not this is in communi-
cation with the airways. Body plethysmography thus yields higher
values in some patients with lung cysts, emphysema or severe asthma,
than do gas dilution methods. Such differences may however be
reduced if the gas-dilution or gas-clearance methods are contimued
for a sufficiently long time (Dmmarmel et al, 1961; Schmidt and Cohny
1961; Tierney and Nadel, 1962). Though it may be thought that gas
in the gastro-intestinal tract, especially a2 large gos bubble in the
stomach, could possibly contribute an artefact in the measurement of
the thoracic gas volume, Du Bois and his associates showed this not
to be so (Du Bois, 1959). This was confirmed by Reichel (1969)
who found no change in the Vig in 11 subjects following the introduc-
tion of one litre of air into their gastro-intestinal system.

There was a long period of confusion in the nomenclature of the
subdivisions of lung volune. Some, like Hutchinson's tvital capa-
city' have been retained, whilst others like Davy's 'residual air?
have been slightly modified to 'residual volume!, and still others
completely discarded. The confusion was brought to an end in
1950 with a suggested standardisation by the Federation of American
Societies for Ixperimental Biology. Their definitions have been

widely accepted.

(b) Details of methods used to measure static lung volumes.
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lMeasuremente of static lung volumes were carried out by
(1) constant volume body plethysmography — as described in the
previous section.
(i1) closed-circuit helium dilution technique.

A Resparameter MK II (P.K. Morgan Ltd.) and desoribed by
Reynolds et al, (1965) was used to measure the various subdivisions
of lung volume,. A measured concentration of helium is introduced
into the water spirometer section of the Resparameter, which has a
seven litre bell. The dead space of the apparatus is determined
by observing the dilution of helium after about 2 litres of air
have been drawn into the spirometer. The Resparameter is equip-
ped with a pump for circulating the gas through the helium catharo-
neter, and a pen recording kymograph. The catharometer is a
Cambridge indicator supplied by the Cambridge Instrument Co. Ltd.
Initially, enough helium is added to give almost a full scale de-
ﬂmim on the catharometer. The gas flowing to the catharo-
neter is ﬁrst passed through soda lime and calcium chloride to
absorb any 00, and water vapour, as the catharometer is slightly
sensitive to these gases. The dead space of the apparatus was
calculated wach time before use @

Dead space (DeSs) =

where V = volume of geme in systen

He1 = initial concentration of helium
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He, . ooncentration of helium after addition of air.

The subject is then switched into the circuit at the end of
normal expiration during quiet breathing with subject relaxed and
sitting upright.  During the procedure, the subject wears a
nose-clip and is carefully watched to see that the mouthpiece fits
smugly and that the lips are kept tightly sealed around it to pre-
vent any leak. The Resparameter has a small rotaneter for moni-
toring added oxygen and a soda lime canister for absorbing carbon
dioxide. Enough oxygen is added to keep the expiratory baseline
level without rising or falling. The end point of equilibration
is taken when the catharometer reading remains steady and the read-
ing does not alter after the subject is instructed to carry out a
series of slow deep breaths. In some of the asthmatic patients
gstudied this somevimes took over fifteen mimutes. Before the
subject is turned out of the circuit he is asked to perform bwo or

three relaxed vital capacity manoeuvres.

The functional residual capacity is then calculated in the

following manners:

Functional residual capacity = (V + DeS.) x (H32 - Hea)
He3
Where He, is final helium concentration.

3
The volume of the mouthpiece being deducted from the final

results.
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Gilson nnd Hugh-Jon 8 (1949) pointed out that there were five
main sources of error in gus exchange methods for mecssuring FoReCe!

ne - this can only be come

pletely obviated by body plethysmographic techniques. Aa has
been showm by various workers, this factor is of speecinl importancs

in patients wiih severe respiratory disease, In the present
study, speeisl attention was given to ensure that 2 true final
equilibriun point was resched,. Hixing of gases in the lung was
ajded by asking the pationts to talw o rmumber of slow deep breaths
before the finnl equilibration point was recordad,

this

presented no problen, as this point could cosily bde deteruined by
watching the subjects clossly an? switohing them fron brecthing air
into the Resparamcter and the end of o quiet expiration.

and associates, (1949) estimuted that 8 ml $o 15 =l of helium would
be sbsorbed in s seven-aimite rebreathing procedure, Birath and
Swenson (1956) muggested that 105 ml, BTPFS from the lwng volume

neasurezent should be deduected to male up for the coount of heliun

absorbed, As has already been stated, it wae not felt necessary
to malkes this correction in the values presonted.
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(iv) the so-called "nitrogen lag" or "oxycen storage effect" -

desceribed by Lassen et al, (1957) and confirmed by Meneely et al,
(1960). This refers to the assumption thot when heliun equili-
briua is achieved, there is equality of gas comcantra*icas in all
parts of the lung-spirometer system; this assumption was showm to
be incorrect in a closed-circuit system of decreasing volume during
re-breathing. This source of error was overcome by keeping the
volume of the system constant by adding axygen at approximately the
same rate as it was being {taken up; thus ensuring that the resting
expiratory baseline remained level.

(v) faulty estimation of gas concentration — as has been pre-
viously mentioned, €O, and water vapour interfere with the correct

estimation of helium concentration by the catharometer. These
gases were removed by the addition of absorbers for these gases at
the inlet of the catharometer. Besides interference from CO,

and water vapour the thermal coaductivity of the analytic cell in
the catharometer has been showm to be affected by the presence of
different concentrations of oxygen and nitrogen at the final read-
ing compared to the intial reading. However, it has been shown
that if the volume constancy of the system is maintained this should
not introduce a significant error in the calculation (Hathirat et al,

1970).

(e) Comparing FoReCe obtained by closed—cirewit helium dilution with
?‘bg determined l_:bz constant volune bodMMI




TABLE IV,
Comparison between measurements of F.R.Cs obtained by
heliun dilution with values of Wtg mcasured by body plethys=ography

in 16 normal subj~ots.

Hame FeReCo(ml) BoTePeSe Vig (inl) BeTePeSe
P X 4850 4980
2« AJRe 3280 3450
3. AN, 4580 4730
4. RF. 3398 3500
5¢ MoPe 1850 3970
6. D.B. 3440 3800
7. JuReS. 2950 39
8. GeSe 3200 3990
9. ReCeBs 4209 4400
10. G40 4590 4630
11. A.TP, 3520 3690
12, HoGe 3200 3400
13. Fe¥, 2800 2950
14. J.I,. 2980 3150
15. PoF. 3650 1800
16. AJB. 4200 4450
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There have bheen a muwber of studies couparing FRC and Vig
both in normal and in patients with respiratory disease. In
order to find out how Vig obtained by body plethysuograph come-
par-d with FeReCs by helium dilution method, values for the two
methods have been determined in 16 healthy young volunteers who formed
either part of the departmental staff or were medical students.
Results are showm in Table 17 overlecaf, and in Fig. 8.

The single expiration measurements carried ocut in this study

aret-

(i) Forced expiratory volune in one second (FSNQ and forced
vital oapecity (FVC).

(i)  Relaxed vital capacity

(iii)  Hexioun expipatory fiow volume curves

(iv) Peak expiratory flow rate.

(1) TV, 2nd TUC
(s) Developmont of test.

The origin of these teats may be traced back to Hutchinson,
who invented the first spirometer and published the results of
vitsl capacity measurements in 2130 subjects in 1846, Huatchin-

son's orizinal test remained wnnliered for = long iime ant no attenpt
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was made to relate it to time. Sturgis et al, (1922) put forward
the idea that maximum ventilation was achieved in the last minmute

of exhausting exercise. Hermannsen, (1933) discovered that the
highest ventilation was achieved by maximun voluntary effort and
showed that this exceeded ventilation on exercise or in respomse

to CO,. He introduced the maximum breathing capacity test (1M.B.
Ce) which was popularized by Cournand and his associates (1939,
1941). It became widely used following the establishment of
normal values by Baldwin et al, (1948).

The MeB.C. however imposes a somewhat severe strain especially
on the patient who is unwell (Shepherd, 1956). The search for
an alternative and less exhausting procedure lead to the introduc-
tion of the timed vital capacity (Tiffencau et al, 1947, 1949).
The fast vital capacity manoeuvre as it was first knowm, was orig-
inally mainly considered as a means of predicting the maximum breath-
ing capacity. Various factors were put forward for measuring the
"indirect™ M,B.Cs Thus Tiffenean et al, (1949) suggested multi-
plying the FIV, by 30; Gandevia and Hugh-Jones, (1957); by 35;
whilet Cara (1953) multiplied the FIV, by 37.5 and Kemedy,(1953)

used the FIV and mltiplied this by 40.

0.75

At the same time, however, there were also pleas for a more
direct interpretation of the FVC tracings (Bernstein and Kagantzisg,
1954; Shepherd, 1955). The forced expiratory volume in one sec-
cond appears to have been introduced independently by Tiffeneau in
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Prance and Gaensler in the U.S5,A. The ideal time interval re-
nained under discussion for a long time; Kemmedy, (1953) suggested

measuring the m°-75 B&O.; Heedhanm et al, (1954) FEVz 880 and
Miller et d, (1956) preferred FE.‘VO.E' g The volumes which

can be expired over times between 0.5 seconds and 3 seconds are
highly correlated and FEF.I o0, is now universally accepted.

In 1951, Gaensler introduced the concept of measuring the
FEV as a fraction of the vital capacity, and showed in two separate
papers that it could be used to differentiate between patients hav-
ing "obstructive ventilatory insufficiency" and patients with "re—
strictive ineufficiency™; two terms which had previously been in-
troduced by Baldwin et al, (1948) to differentiate between under-

lying pulmonary patho-physiological mechanisms.

Terminology for measurements of the ventilatory capacity was
introduced by CGandevia and Hugh-Jones in 1957, following which, the
fast vital capacity became Imovm as the foreced vital capacity.

(v) Physiologicel basis.

The F‘E‘J‘.!, which is probably the commonest pulmonary clinical
test in use, and is the simplest to perform, has perhaps the most
complex underlying physiology of all the pulmonary function tesis
(Pride, 1971). It is vhat might be termed a polyvalent test and
reflects very well the interdependence between the airways and the
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parenchyma of the lung. It depends, especially, on the factors

which determine:

(a) the maximum expiratory flow at a particular lung volume,
i.es lung clastic recoil pressure and a;rua.y resistance.

(b) the change in maximum expiratory flow with lung volume,
which reflects pulmonary compliance and the change in
airway resistance with change in lung volume.

The FEV, is thought to be relatively independent of the resis-

1
tance of the upper airways and of the @fort applied (Kemnm and Kam-
bureff, 1570). It may be regarded as integrating a substantial
amount of information about the mechanical properties of the lung

(Pride, 1971).

PROCEDURS,

A Gaensler type water spirometer (Gaensler, 1951 b) which has
a light bell and an automatic electrical timing device was used.
The spircoeter provides a direct reading without the necessiiy of
analysing a paper record. All the patients could be considered
as "experienced subjects", in that they had all previously undergone
quite a mumber of spiroumetric tests. Sach patient was instructed
to take as deep an inspiration as possible, put the mouthpiece in
his mouth in order to make a good seal with his lips, and then was
actively encouraged to blow out into the spirometer as hard 2nd as
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far out as possible. Three measurenents were carried out at
intervals of about thirty seconds with the patient sitting dowm

and not wearing a nose-clip. Meticulous care was taken to ensure
that the patient started the manoeuvre from as near his total lung
capacity as possible, as the FI=N1 is susceptible to the depth of

the preceding inspiration, which determines the diameter of the air-
ways at the start of expiration (Cotes, 1965; Kemm and Kamburoff,

1970).

Hutchinson in first describing his test in 1846 wrote "Bach
of these individuals breathed three consecutive times into the
Spirometer because either from timidity or inexperience, the first
observation is frequently not 2 correct experiment, but by three
observations the point sought for is accurately determined. Ir
more than three observations are consecutively made at one time the
mumber of cubic inches of air will, from fatigue, gwnerally be found
to decrease". There has been some coniroversy as to which is the
better estimate of the individual performance, the highest value of
F‘J:;'V1 recorded or the mean of three technically satisfactory attempts.
Cotes, (1965) suggests carrying out five measurements 2t 30 second
intervals, of which, the first two are rejected, and the mean of the
last three is taken 28 the definite reading. Freedman and Prowse,
(1966) point out that in ill patients, the FEV, mgy fall off with
successive expirations, as this makes them tired or because forced
expiration makes them coughj this is often the case with asthmatics.
They suggest in such cases, the peak value may be more relevant than
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the mean, Kemn and Xamburoff (1970) found that there was no
nimimtdiﬂambﬁmthammﬂmmm1m
effort, as estimated by ocesophageal pressure, was greater than 757
of maximum, and comecluded that either valus is acceptable. In
mmmmmm,mwrrmtmwu
efforts is chosen, A1l the patients had marked ailrway obstruo-
tion and were repentedly submitted to o large mmber of tests,
Submitting them to five forced expirations each tine wes emgidered
unmnecessary. Cough was not infrequently induced by forced ex-
piration and a substantial nusber of the patients recorded peak
values on their first atteupt.

In normal subjects, incressing transpulnonary pressure during
expiration tends to narrow the airways. Tinthoven (1892) was
the first to appreciate the importance of "dynamic compression™ in
the pathophysiology of airway obstruction disease. This narrow-—
ing effect has been showm to be increased in some patients with
chranic obstruction (Mead et al, 19555 Dayman, 1956; Campbell ot al,
1957) ihen excessive expiratory narrowing of the airways limits
flow in patients with airway obetruction, changes in the peripheral
ajrways, such as those produced by & bronchodilator, may not be de-
teoted by tesis of maximum espiratory effort. This is because
collapse of large central airays can mask the peripheral changes
(Macklen, 1965).
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The patients in the second part of the study were therefore
asked to perform three relaxed expiratory manoeuvres, preceding
the {orced expiratory omnes, The subject was asked to inhale
as deeply as possible and then to let out all the air with a deep
and heavy sigh. It was emphasized that force was not to be
used but that the subject was to concentrate on a sigh or a relax-
ed expiration. The best reading was again taken as the final
result. Some subjects found it more difficult to carry out
technically satisfactory relaxed expiratory manoceuvres than the

FiW1-

(iii) MAXDWUN EXPIRATORY FLOW VOLUME CURVES.

ol bagis and devel test.

(a) ISO-VOLUME PRUISSURG-FLOW CURVES,

Fry and his associates in 1954, showed that a functional re-
lgtionship exists between transpulmonary pressure, respiratory gas
flow and the degree of lung inflation. These workers introduced
isovolune pressure-flow (IL.V.P.Fs) curves to express the relationship
between these variables. Isovolune pressure-flow curves have been
used very successfully by a musber of workers (Pry, 1958; Hyatt et al,
1958; Fry and Hyatt, 1960; liead and Macklem, 1967; Head et al, 196T;
Pride, 1971)., to analyse mechanisme limiting flow during forced ex~—
piration, These curves are obtained by getting the subjecis to
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perforn a series of expired vital capacity manoecuvres, slowly at
first, and then more rapidly up to one of maximm speed and effort.
The volumes are expressed as percentage of the vital capacity.
Instantaneous values of oesophageal pressure - reflecting trans-
pulmonary pressure, are plotted against simultaneous expiratory
flous at the same lung volume. Bach vital capacity manoceuvre
yielding ome point a2t a given volume, A family of isovolume
pressure-flow curves can thus be obtained at different degrees of

lung inflation.

Although this technique is too time consuming for routine
use, the information obtained from such I,V.P.F, curves is absol-
utely fundamental to an understanding of what is happening during
a forced expiration, 1.V,P,F, curves show that at high lung
volumes, usually above 750 of the vital capacity, flow goes on ine
creasing as the alveclar pressure rises and no easily defined limit
to expiratory flow exists at volumes arcund total lung capacity
(TeLeCe)e As lung volume is reduced below shout 75/ of the
vital capecity, expiratory flow maxima can e shown , beyond which,
a platean is reached where flow no longer increases with increase in
alveolar pressure. Plateaus of flow occur at lower and lower

alveolar pressures with further reductioms in lung volume,

Maximal forced expiratory flow has been shown to be determined
by a muber of factors, which include, the relationship between the

degree of lung inflation and the transpulmonary pressure (Fry et al,
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1960), the magnitude of small airway resistance (lacklem et al, 1965)
as well as the lung recoil pressure (Stubbs and Hyatt, 1972) and, at
times, the collapsibility of the large airways (llecd ot al, 1967).

Although, as pointed out by Dayman as early as 1951, coupres-
siond large airways is respomsible for limiting sxpiratory flow,
it has been shown that it is not the only cause of an increase in
resistance with increasing expiratory effort. The increase in
the rate of flow of air will of itself bring about other changes.
When Reynold's nunbers exceed 2000, especially if airways are irreg-
ular, flow becomes turbulent (Mead et al, 1967); as turbulence
develops, this increases the pressure drop from the airways.
Besides the effect of turbulence, as the airstream moves from the
alveoli, through the bronchioles and up to the larger airways, its
linear velooiiy increases because the large airways have a smaller
total cross-sectional area - this is known as convective accelera~
tion of the flowing gas (Hyatt and Wilcox, 1963). Convective
acceleration has the effect of reducing the pressure within the
airways, the Bernoulli effect (liacklem and Mead, 1968), and this
naturally increases the compressive effect of the high extra airway
pressures found during forced expirations. The pressure drop
agsociated with the components mentioned above will thus dcopend on
the geometry of the airways andthe magnitude of flow (liead et al,

1967)

‘b! THEORIES EXPLAINING EXPIRATORY FLOW LINITATIONS.
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Fry (1958) was the first to attempt a detailed physiological

explanation of the mechanisms limiting expiratory flow by applying
aerodynamic principles to events occurring along the whole airway.
He developed the concept of the "flow-limiting segments", which were
the first to nmarrow sufficiently to limit flow, Analysis proved
complicated due to the difficulties in accurately describing events
occurring along the whole of the compressed segment.

Pride et al, (1967) suggested that when maximum expiratory
flow is reached in an I.V.P.Fe curve a "waterfall" or Starling re-
sistor effect develops in the airways, This concept was first
applied to pulmonary blood vessels by Permutt and his co-workers in
1962. ' Using the Starling resistor model they developed simple
equations relating the roles of lung elastic recoil, airway resist-
ance and bronchial collapsibility in determining maximum expiratory
flow, driving pressure during this flow and airway resistance.’
They regard the airways as two rigid tubes comnected in series by a
collapsible tube, When the transmral pressure in the collapsible
segment falls to a critical level, below Pleural pressure (Ppl) a
"Waterfall" effect will develop and that part of the airway will form
a flow limiting segment; i.e. flow becomes dependent on the differ-
ence between driving (alveolar) pressure and the surrounding (pleural)
pressure and independent of the difference between the driving and

outlet (atmospheric) pressure.

Pel - Ptm!

< e
il

=

Rs



107,

where V. « flow
Pel = elastic recoil pressure of lung
Ptm? = oritical transmral pressure of collaps—
ible segment at which a waterfall devel-
ops.
Ry = resistance of segment between the alveoli
and the outflow end of the collapsible

tube.

Mead et al, (1967) developed a different but complementary con-
cept of events ococurring during a forced expiration, They put
forward the idea that during a forced expiration there must be some
point or points in the airway where the intra~-luminal pressure is
equal to the pleural pressure. They referred to these points as
the "equal pressure points", (EPP), Such a locus divides the air-
way into an upstream segment between the alveoli and the EPP, and a
downstream segment between the EPP and the airway opening. The
pressure drop from alveoli to EPP is the drop from alveolar pressure
to pleural pressure, that is, the lung elastic recoil pressure.

At maximum flow at any given lung volume, the lungs may be regarded
as a fixed resistor (the upstream resistor) in series with a vari-
able resistor (the airways dynamically compressed downstream from the
EFP), lacklem and Wilson (1965) showed that the EPP were in the

segmental bronchi on forced expiration in normal subjects.

lMead et al, formulated that:
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VE m. = E
Rus
where V_
I max, = maximum expiratory flow
Pel = lung elastic recoil pressure
Rus = resistance of upper segment

Both Pride et al, and lead et al, regard maximum flow as re-
sulting from a fixed driving pressure operating through a fixed re-
sistor in series with a variable resistor, In the equal pressure
point theory, the fixed resistor is regarded as extending from the
alveoli to the equal pressure points; in the analysis of Pride et
al, it extends from alveoli to the flow limiting segment. lead's
concept has the advantage that fewer assumptions are made; it igno-
res the compressed segment and thereby simplifies the analysis further,
In practice Rus is much simpler to measure than Rg (Pride et al,
1967). Pride's work takes into consideration the exact mechanism
by which flow, is limited and the use of their equation would allow
an estimation of Ptm' which might provide information about the col-
lapsibility of th- airways and possibly, the magnitude of smooth

miscle tone.

In many respects the analyeis carried out by Campbell, Martin
and Riley, (1957) is similar to Pride's, but Campbell and his associ-
ates did not use the simplifying assumptions of the waterfall pheno-
menon. They used oesophageal pressure at which peak flow was

reached during forced expiration, "Pt max, eff." - the maximum
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effective intrathoracic pressure in an attempt to distinguish
differences in mechanisms of airway obstruction in patients with

emphysema and asthma.

(e¢) MAXIMUM EXPIRATORY FLOW VOLUME CURVES.

As from can be seen from I.V.P.,F. curves, during forced ex-
pirations, the rate of air flow camnot increase beyond certain maxi-
mum values, At large lung volumes, these maxima are mainly set
by the amount of expiratory effort, that is, by the force developed
by the expiratory muscles which, in turn, depends on their speed of
contraction and velocity of shortening (Agostoni and Fenn, 1960).
This driving pressure, is opposed by the total flow resistance of
the entire airway, as well as that of the tissues, chest wall and
any resistance of the measuring equipment. As flow rises, the
EPP move rapidly upstreanm, As has already been indicated, at
lower lung volumes, flow is independent of muscular effort as long
as this is above certain levels, and may be considered as being
determined by the lung elastic recoil and the resistance between

the alveoli and the EPP,

Since the degree of lung inflation is a main determinant in
flow-limiting mechanisms, maximum expiratory flow rates are per-
haps best studied as a function of lung volume . Maximum ex-—
piratory flow volume curves (M.E.F.V.) were introduced with this

aim by Hyatt, Schilder and Fry in 1958 and have proved to be a
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very useful tool in a mumber of physiological and clinical
studies (Takishima et al, 1967; Lapp and Hyatt, 1967; Bouhuys
et al, 1969; Van de Woestijne and Zapletal, 1970).

Maximun expiratory flow volume curves can be derived from
iso-volume pressure~flow curvee by plotting the maximum flows
against the volume at which each was measured.

The plotting of I.V.P.F., curves, however, remains a labor-
ious procedure, certwuinly not one that lends itself easily for
frequent and repeated measurements on asthmatic patients.
Fortunately, M,H.F.V. curves are easily obtained by plotting
instantaneous flow against lung volume, instead of time as in the
F.E.?..', during a vital capacity manoeuvre. In normal M,EsFeVe
curves, flow increases rapidly to reach a maximum at sbout 807 of
the vital capacity, and then dscreases, reaching a value of zero
at the residual volume. The curve consists of essentially two
parts, an effort dependent portion, which as indicated is that
part at higher lung volumes, and an effort independent portion.
According to Hyatt (1961) the effort independent portion extends
to 607 of the vital capacity. Later studies by liead et al,
(1967) showed that it extended to at least 707 of V.C. Hell-
ins et al, (1968) reported that I.V.P.F. curves of healthy children
reach plateaus at lung volumes up to 907 of V.C. These data at
first seem to suggest that children might reach the effort indepen-

dent portion of the M.E.P.Ve. curves at higher lung volumes than
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adults, It is now however, lmo:n that there is not a consistent
relationship between lung size and the volume at which I.V.P.F.
curves first reach a plateau. Van de Woestijne and Zapletal,
(1970) showed that the effort independent portion extended to an
average level of 82f of V.C. in normal subjects. Many adults
achieved a plateau at lung volume levels which were similar to
those at which children achieved theirs. Thus, maximmm expira~-
tory flow im about the lower 757 of V.Ce is thought to reflect the
physical properties of the lower airways and is determined by the
lung elastic recoil, the resistance of these airways and the col-
lapsibility of the flow-limiting segments.

Recent work by Clement and Van de Woestijne,(1971) has how-
ever cast some doubt on the "effort independence™ of N.E.F.¥. curves.
They measured maximun flows in the “effort independent" portion of
flow-volune curves and showed that these had a coefficient of vari-
ation of 97, This lack of reproducibility was looked at by means
of a polynomial analysis, and they showed that it was not only re~
lated to technique and to slight differences in volume at the maxi-
mm inspiratory level preceeding each expiration; but that a third
source of variability can be attributed at least in part to effort
dependency, Clement and Van de Voestijne (1971) claim that line
ear regressions constructed in the mhteau region of I.V.P.Fe curves
(at 557 TeLeCs) do not demonstrate real horizontal flow plateaus;
but that flow rates uigmlymwnh increasing transpulmonary

Pressures.
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(4)  ZROCEDURE,

A Viedge Spirometer (lModel 170 Med-Science Electronics Incorp;
St. Louis Missouri) with a maximum volume of ten litres; was used
to obtain both flow and volume. It is a waterless spirometer
and does not depend upon a water chamber to maintain an air seal,
instead an extremely compliant bellows is employed to allow motion
of the output member with absolute assurance of zero leakage.
Both volume and flow parameters are available as electrical sig-
nals, each generated as a function of the instantaneous rate of
displacenent of a core in a transducer. Dach core is coupled
to the moving output member of the spirometer. Its frequency
response is claimed to be flat within 57 up to 10 cycles/sec for
both volume and flow. Ixtremely low resistance characteristics
are achieved in this instrument. The signals from the spiro-
meter were fed into a direct writing multichannel recorder{80 Elema
Scholander Mingograf). The sphtometer was carefully calibrated
for both volume and flow immediately before each set of measure-
ments were performed. Hyatt et al, (1958) originally suggested
a method using multiple expirations of varying effort to *fill in®
the flow-volume curve with true maximal flows at each volunme.
It was Branscomb, (1960) who introduced the idea of usming 2 maxi-
mun forced effort in plotting flow against volume,

Three forced vital capacity efforts were recorded with the

subject seated, with a nose-clip attached, at intervals of about
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thirty seconds, The effects of flow and volume history on maxi-
mal expiratory flow rates are complex and not well understood
(Bouhuys and Jonson, 1967; Bouhuys et al, 1969). All the sub-
jects studied had an identical flow and volume history before
attempting this procedure. The best of the three efforts was

later analysed.

As can be shown by analysing I.V.P.F. curves the maximum
flow especially over the lower half of the M.E.F.V. curve does not
correspond to the greatest transpulmonary pressure produced by
maximum effort, In this respect, the curves obtained from the
subjects in this study are really maximm effcrt flow volume curves
as first described by Fry and Hyatt in 1960. However, by making
the subjects carry out F.V.Cs efforts, an identical volume history
was ensured and the tests were repeatable and comparable, each sub=

ject serving as his own control.

The significance of alveolar gas compressibility and its
effect on the static pressure-volume diagram was described as
early as 1946 by Rahn and his co-workers. Jaeger and Otis,
(1964) studied the effect of gas compressibility on the dynamic
pressure-volume relationship by simultaneously measuring changes in
thoracic gas volume and volume displacement at the mouth. They
found that the volume displacement at the mouth was less than the
volume change of the thorax and this difference increased with in-

creased airway resistance, respiratory rate and lung volume.
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Their work was confined to the study of slow and rapid oyeclic
respiration,

In their original I.V.P.FF. curves Hyatt and his associates
(1958) represented flow as decreasing from maximum levels as pleu-
ral pressure increased. Ingran and Schilder (1966) studied the
effect of gas compressibility on the forced vital capacity manoeu-
vre and the flow-volume relationships, They showed that the
decrease in flow from maxima levels reported by Hyatt (1958), is,
at least in part, an artefact related to the fact that, a spirometer
at the mouth was used to measure voluae, During forced expira-
tions the gas in the lungs is coupressed and lung volume decreases
progressively below that shoun by the spirometer. In this case,
reductions in flow are to be expected since as lung volume decreases
maximuia flow also deoreases. If & volune-displaceuzent body ple-
thysmograph is used, where all volume changes, including those of
gas compression are measured, the I,V.P.F. curves usually show
flatter plateaus. The larger lung volumes and high airway re-
sistance found in patients with airway obstruction, will of course,
magnify the effects of gas coupression when flow and volume are
measured by a epirometer at the mouth, Although ideally, as
shown above, changes in flow should be plotted against absolute
changes in thoracic gas volume, as no volume displacement body
plethysmograph was available, both flow and volume had to be
measured at the mouth, The effect of gas compression on M.E,

P.V. curves however, is said to be less than on I,V.P.F. curves
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(Boubwys, 1970).

(e) Indices derived from flow-volume curvess

There have been various suggestions regarding the data that
can be derived from flow-volume curves and the indices to be used.
Cander and Comroe (1955) suggested measuring mean maximal expira-
tory flow between 0.2 and 1.2 litres of a forced expiration.

The mean maximal expiratory flow between 25/ and 75/ of =& forced
vital capacity effort (MIEF 25 - 75/) was first put forward by
Leuallen and Fowler, (1955). Franklin and Lowell, (1961) sug-
gested using the expiratory rate during the third quarter of a
maximal forced expiration, (MEF 50 - 75/), a8 an index., Lloyd
and Wright, (1963) .maamrod maximum flow rate at a lung volume 1
litre above the residual volume; thipg describes the average slope
of the last portion of the MEFC curve. The ratic '/ / AV over
the volume range 507 - 75/ of the vital capacity was used by Lapp
and Hyatt, (1967); this ratio has the dimension of time and repre-
sents the reciprocal of the IIFV curve slope over the volume in—
terval chosen, Lapp and Hyatt considered this index as a measure-
ment of the time constant of lung emptying. Hyatt, (1965) sug-
gested that when comparing subjects of different sizec, it may be
worthwhile dividing the maximm expiratory flow rate at 507 V.Ce.

by the thoracic gas volume corresponding to 507 of the vital capa-
city, Bouhuys et al, (1969) studying the bronchoconstriction changes
induced by inhalation of pharmacological agents and cotton dust,
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showed that maximum flow rate measured at 600 of TeLe.Ce was the
most sensitive index in detecting relatively slight degrees of
hrcnchqomtriatim. The maximal expiratory flow rate (MIFR)
is another index obtainable from an H.E.I"'sVe curve.

Evidence has been produced that a maximum inspiration, which
is such an important step iu performing a forced vital capacity
manoeuvre, alters lung compliance (Ferris and Pollard, 1960) and
may change airway resistance (Nadel and Tierney, 1961; Lloyd, 1963).
Frank and his co-workers (1962) first suggested that expiratory
flow measurements after a less than maximun inspiration may be very
useful. Bouluys et al, (1969) introduced partial expiratory
flow volume (PEFV) curves, made after inspiration to mid-vital capa-
city instead of the T.L.Cs and reported that changes of flow rates
on P.E.F,Vs curves were usually larger than those of flow rates
on MeZ.FeVe curves, in a series of patients in whom bronchoconstrioc-
tion had been indiced. Interpretation of P.E.F.V. curves however
requires the measurement of thoracic gas volume to embli@ their

volume level.

The indices that have been derived {rom the li.l.FeV. curves
in this study include M.E.F.Re and maximal expiratory flow rate at
507 VeCe Maximal flow rates obtained at 80%, 60%, 40% and 207
of the vital capacity were also compared.

Hyatt, (1965) suggested that in chronic airway obstruction
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where increases in residual volume are an integral feature of the
disease process, the value of maximum expiratory flow volume curves
may be decreased by analysing the forced vital capacity manceuvre on
the basis of vital capacity alone. He suggested that it would be
more logical to relete maximun expiratory flow to absolute thoracic
ges volumes, and this should relate more directly to the underlying
anatomical and physiological abaoraalities,

Boulmys et al, (1969) believe that the maximum expiratory
flow rate at a defined, absolute level of lung volume is a more
satisfactory measure of expressing changes of I, 7.P.V, curves than
indices proposed by previous authors. They ashowed that changes
in H,E.F. V. curves are nost impressive when the curves are plotted
on an absolute volunme scale. As no volume-displacement plathy-
smograph was available, the absolute volume scale was obiained from
separate measurements of total lung ocapacity obtained by the closed~-
circuit heliwa dilution technique. As shown further on , relat-
ing naximm flow rates 0 an asbsolute level of lung volume, made
the changes in flow rates obtained, more striking and more mean~
ingful, than wheon the same changes in flow were related to percen-
tage of vital capacity.

Following the introduction by Wright and MoKerrow in 1959 of

o néw 'pm'tahlo instrument for measuring moximun forced expiratory
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flow in litres per mimute, the peak expiratory flow rate (P.E.F.Re)
has become another popular single-expiration measurement.

According to Donald (1953): "The physician of the last cen—
tury who asked & patient with respiratory disease to whistle or
blow a candle out was crudely assessing the maximum respiratory
velocitiesa", He suggested that 2 "simple whistle-like instru-
ment" might be developed and might become a standard clinical tool,.
There had been previous attempts in the past to measure flow rate
on expiration. Thus, Hadorn, (1942) used an aneroid manometer
commected across a simple orifice, the deflection of the manometor
level being judged by eye. Wyss, (1950) used the same type of
orifice but recorded ntho pressures photographically. Hildebra-
ndt and Hanke, (1956) used a "pneunometer", incorporating an aner-
oid manometer fitted with 2 device for recording the maximun flow

rate.

The Wright peak flow meter has a variable orifice which is
initially closed by a vane. The latter is deflected during
expiration, through an angle which is a function of the rate of
flow. This instrument is calibrated in litres per minute and
records flow over the first ten milliseconds of a forced expira-

tion.

As the peak flow rate is a measurement occurring very early
on in the vital capacity, it depends to a great extent on full co-



119.

operation from the subject. A position of full inspiration
was carefully ensured and the subject was coaxed to empty his
lungs in a short, sharp expiration of maximum effort. The
best of three efforts was accepted as the final value., The
Wright peak flow meter was calibrated against a rotameter and the
values obtained were well within 107 of the values reported by

Cotes, (1965).

ASSESSMENT OF PULMONARY GAS EXCHANGE,

(1) Arterial blood gas analysis.

Development of methods.

(a) Arterial oxygen tension (Pao,)

Direct estimation of the partial pressures of gases in whole
blood was first attempted by Pfluger in 1872 who introduced blood
into a tonometer containing gases of known concentrations and anal-
ysed the gas phase after equilibration between the blood and gas had
taken place, Haldane (1898) first noted the ability of farricya-
nide salts to displace oxygen from its chemical combination with
haemoglobin, This led to a rapid improvement of vacuum extrac—
tion methods which had been introduced by Magnus in 1845, culmina~

ting in the manometric method of Van Slyke and Neill, (1924).

Riley and his associates in 1945, introduced a method in which



120,

a small volume of blood is equilibrated with a gas bubble.

The geseous composition of the bubble being determined by chem—.
ical absorption in a capillary tube where the length of the bub-
ble is proportional to its volume before and after absorption of
each constituent. In their latest development, Riley et al,
(1957) were using 1 ml. of blood and 2 bubble of 5 = 10 micro-
litres. The Riley method is slow and tedious and requires

variable, empirical correction factors.

Of course, Pal,, may also be determined by interpolation of
the saturation in the oxy-haemoglobin dissociation curve, once
the pH and the P(}Oz are known and the body temperature is not
significantly @ferent from 37°C. The oxygen content and
capacity of the blood may be obtained by the manomeiric method
of Van Slyke and Neill (1924); but this is too time consuming,
A quicker determination of oxygen saturation could be obtained
by the spectrophotometric method (INilsson, 1960).

Darmeel (1897/1898) was the first to use the platimum cathe
ode for oxygen tension measurements; demonstrating a linear re-
lationship between oxygen tension and the recorded current.
However, ite use was somewhat limited, because when immersed in
biological media, it rapidly lost its function because of the de-
position of a protein film on the surface of the electrode.

liodern methods of measuring arterial oxygen tension are
based on the principle of Polarography introduced by Heyrovski in
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1925. Desentially the system comsists of an anode and a cath-
ode made of a relatively non-ionisable metal, such as mercury or
platinmum, in an slectrolytic cell; oxygen being reduced at the
cathode when a negative potential is applied across the anode and
cathode, causing a current to flow. The current which flows
is a function of the rate of reduction of oxygen at the cathode.
Baumberger, (1938) first used this principle to determine the dis-
sociation curve of oxyhaemoglobin, The cathode of this elec~
trode was formed of drops of mercury. This dropping mercury
cathode was later used by Berggren, (1942) for his classical ex-
periments on venous shunting in the lung. Howaver, the tech~-
nique was difficult to master and had to be carried out on anaer-
obically separated plasma, and not on whole blood. Contamina~
tion by films of protein and variation in mercury drop size pro-
duced unrcliable results.

The problem of deposition of protein films on the electrode
was finally solved by Clark in 1953, who isolated the platimun
cathode by covering it with a cellophan: membrans, which only
allowed access to oxygen and carbon doxide. It was further
improved by incorporating the platimun eathode and silver anode
in a solid cell, isolating the exiposed clectrode by a hydrophobic
membrane (Clark, 1956). This type of clectrode required active
motion of the blood sample to ensure 2 contimious and adequate
supply of oxygen to the electrode surface. There have been
many ways in which stirring has becn produced, such as the uss
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of a stainless steecl bladc (Rooth et al, 1959) and a glass coated,
soft iron slug (Bishop, 1960). Elimination of the stirring or
motion of the electrode has now been obtained by reduction in size
of the platimum cathodc and increasing the thickness of the cover-
ing membrane. The introduction of the Clark membrane - covered
polarographic oxygen electrode has enormously facilitated the
measurenent of Pa.O2 maldng it a routine laboratory investigation;

no other method is now in regular use.
(b) Art on dioxide tension (PacO

SBeveral of the original methods described above for the
deteruination of Pal,y e.g. the Van Slyke technique and the Riley
bubble method, also yielded values for Pall,. Another method
of determining the carbon dioxide tension in arterial blood makes
use of the lincar relationship between p and log PCO, = the Astrup
procedure (Astrup,, 1956, 1958, 1960). In this technique the
gsample of blood is divided into three parts, the pi of the first
part is read directly with a pH electrode; the other two portions
being equilibrated with two gas mixturcs of lmown PCO, in small
tonometers. The pH of the $wo equilibratcd samples is mecasured
and plotted against log PC0,y the poinis being joined by a straight
line, The PCO, of the original sample being obiained by inter-
polation on the line at its measured pi. Siggas®d-\ndersen ot
al, 1960 introduced a micromethod based on the Astrup procedure,
using a microtonometer and & micro pH electrode for the drtermina-
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tion of pH, PGOz, base excess and standard bicarbonate using capil-

lary blood.

A method which has gained a great deal of popularity since its
introduction is the direct determination of PCO, with a 00, cleec-
trode. The principle of this electirodc was discovercd independ-
ently by Stow and his co-workers (1957) and Gertz and Loeschcke,
(1958) and the mcthod has been extensively developed by Severinghaus,
(1958, 1960, 1962). The electrode consists cssentially of a glass
pH electrode with a reference clectrode surrounded by a bicarbonate
buffer and separated from the blood sample by mea. s of a Teflon nenw
brane which is peruesble to 002 but impermeable to other ions.

00, diffuses froum tho samplc across the membrane altering the pH of
the bicarbonate solution. The change in pH is detected by the
clectrode; the voltage output of the eloctrode is dircetly rclated
to pH and is therefore a log function of PC0,. The pH is a lin-
ear function of the logarithm of the blood PCO, over the range from
at least 7 to 700 mullg (Severinghaus, 1940).

(e) P _of blood.

Sorenscn (1909) introduced the logarithmic pH notation for ex—
pressing the concentration of hydrogen ions. He developed eclec-
trometric methods for determining the pl of the blood. Using these
methods, Hasselbalch and Lundsgeard made the first accurate mcasure-
ments of blood hydrogen ion concentration in 1912, A capillary



124.

‘glass clectrode was first used for measuring pH in the 1930's.

This type of clectrode cnclosed in a water jacket for temperature
control wae re-introduccd by Sanz, (1957) and has virtually repla~
coed the bulb glass clectrode for blood analysis which had been used
before. ldoro-clectrodes, such as that descoribed by Siggaard-
Andersen and his co-workers (1960) have also been introduced in the
acasurenent of blood pH,.

A potential differcnce is set up when fluids of different
hydrogen ion conecentrations are on either side of a thin glass nen-
brane. The potential difference is measured by combining the
glass electrode with a reference clectrode, such as a calomel cleo-
trode and measuring the voltage of the systen.

(ii) Procedure.

The oxygen elcctrode used in this study is a Radiometor PO,
electrode type E5046. I$ is a Clark type 0, eleotrodes and con-
gists of a platirmum cathode and ailver/silver chloride anode placed
in an elcetrolytic solution behind a polypropylene mcmbranc. The
electrolytic solution is E phosphate buffer to which some potassiunm
chloride is added to stabilisc the potential of the anode. A
polarising voltage of about 650 n.V is applied across the two elcce—
trodes. The elecirode was carefully calibrated before each blood
sanple was put in. "White spot" nitrogen was used as the zero

refercence point and atmospheric air was used as the high refcrence
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point. Tonometry, using o tonometer of the swirling flask type,
(Schoeller and Co., Elckirotcchn, Pabrik, Frankfurt) was regularly
carried out to check the oxygen clectrode over the P02 range 15 to
120 mnHlg and the values obtained from the clectrode were suitably
corrected by use of calibration graphs.

The carbon dioxide electrodc used is a Radiometer P002 eloc-
trode type E5036. It is a Severinghaus 002 electrode consisting
of a combined glass electrode and milver/silver chloride olectrode
mounted in an electrod: jacket surround-d by a IIchO3-Na01 solution
anl separated from the sample by means of a Ta?flmi membranc, Cal-
ibration of the elcotrods wvas carefully carricd out, before cach
blood sample was put through, with two gascs of diffepent CO, con-
centrations; mixturcs of appro-imately 37 60, in 175 0, and 97 in

0, in 177 0, were used.

The composition of all the gas mixturcs used cither in the cal-
ibration of the 02 and 002 blood electrodes or in the calibration of
the infra-red 002 and paramagnetic oxygen analysers which were used
to measure oxpired 0, and 00, concentrations was carried out using
a Lloyd-Haldane (Lloyd, 1958) or a micro-Scholander (Scholander, 1947)
apparatus. Analyscs were duplicated to within 0.03. These
electrodes, if serupulously calibrated, have a high decgree of accu-
racy, as shown by Plenley and his eo-workers (1967).

The pH elcotrode used is a Radiometer pH electrode type L5021

with & pH meter type PHI 27. The unit consisis of a glass elce~
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trod: that is made of a pH-scnsitive glass capillary sealed into a
glass tube with a roference liquid , and an Agbl inner electrode
is mountcd in this r-ference liquid. The cleetrode is mounted
in a glass water jacket through which heated water from a circula-
tion thermostat, flows, kecping the electrode at a oconstant tempera-
turc, The glass elcctrode is connected to a saturated calomel
refercncc elcotrodc also surrounded by a glass water jacket. The
interior of the e@alomel el:ectrode is connected through a porous pin
o0 a small pool of saturat d KCL solution, vhich is used as 2 salt
bridge. The pH clectrode was parefully standardised just b fore
use by a preparod_ynffer solution of known pH. Although it is
~realiscd that red blood c-11s ercatc a potential at the boundary
between blood and satur t#d::KCL, equivalent to about 0.01 pH units,
BRlhnl Sne BIoch T appaks Lover UBSoarTalhuin ot Wiy 19551 Stapaaris
Andersen, 1961),_no correction for this was applied to the pH values

rcported.

(2)  Puluonary Gas Bxchangs.

Gepp vt and Zuntz in 1885 were the first to suggest th:
effect of uncven ventilation on pulmonary gas erchange. Advances
in the field wei-e held up for a time because of the controveorsy over
how o:yg:n entered artecrial blood. Bohr (1891) épiginally pro-
posed the hypothesis that pulmonary epithelium activ:ly secreted oxy-
gen undcr cortain circumstances, such as during ereroisc and at high
altitudes. Haldane and Lorrain-Smith (1896) supported his viow.



On the other hand, August and llarie Krogh firmly believed that diffusion
was the only process conccrned with the pulmonary éxchange of oxygen
and carbon dioxide, and published their work in a series of papers
(1910a; b, ¢, 4, ¢, £). They stated: "The absorption of oxygen

and the elimination of carbon dioxide in the lung takes place by
diffusion and by diffusion alone", (1910,¢) However, Haldane and
his collcagues (1912), in an expedition to Pike's Peak (14,100 ft.),
obtained evidence that the alveolar o-ygen tension was about 35 mmHg
lowor than the arterial during erercisc at this altitude. They
again concluded that under such conditions oxygen must be secreted

by the pulmonary epithelium. The *Diffusion'! voersus '*Secretion?
controversy was shbwn to be thé result of methodological problems

and was finally laid to rest by Barcroft in 1920, in the "glass
chamber" experiment which he carried out on himsclf. He showed

that under similar conditions of hypoxia and e:ereisc to Haldano's

1912 expedition, the oxygen saturatioﬁ of artérial blood was always
less than that of blood éxposed to alveolar gas obtained simultaneously.

These findings W‘EII“."? later confirmed& in the Corro de Pasco ~:podition.

Krogh, (1910, a) clearly cstablished that unevenness of
ventilatinn is important only as related to pulmonary blood flow
and that both the absorption of oxygen and the climination of car-
bon dioxide depend on the ratio of alveoolar ventilation to perfusion.
Haldanc and Priestley, (1935) subscquently rocognised and csmphasised
the offect of ventilation-perfusion (%A/&) inequality on the oxygena-

tion of arteridl blood. A quantitiative approach assessing the
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cffect of ":’ é inhonogeneily on the overall gas cxchange in the lung
was brilliontly worked out in a mumber of fundamental papers by Riley
and Cournand, (1949, 1951); Rahn, (1949); Riley, Cournand and Donald,
(1951) and Domald ot al, (1952). They finally established the role
of uneven distribution of pulmonary ventilation and blood flow as a
ma jor factor determining the partial pressurcs of oxygen and carbon
dioxide in arterial blood. Ferm, Rahn and Otis, (1946) had earl-
ier introdueed the O, ~ CU, diagran for the graphic representation
of the total effects of lung gas exchango, which proved to be 2 very
uscful analytical tool. It relates the tensions of oxygen and
carbon dioxide to the hasmoglobin saturation and the total content
of G0, in the blood and is ~omstructed from the dissociation curves
for oxygen and carbon dioxide. Two sets of co-ordinates, repros-
enting the respiratory e:xchang: ratio (R) and alveolar ventilation
arc superimposed on this diagran. A curved distribution line
dcnonstrating the various combinations of 02 and 002 tension which
occur for different i'k/é ratios is also drawm up. The distribu~
tion line is dofined at ite upper end by the composition of mived
venous blood (V) and at i%s lower end by that of the inspircd gas.
Riley and Cournand (1Y51) in their analysis of factors affecting
the oxygen and carbon dioxide partial pressures in pulmonary gas
and blood extended the Qg'_,.- €0, diagran into a four quadrant systen
in which thepartial presgures and concentrations of oxygen and car-
bon dioxide in alveolar gas and capillary blood can be visualised
simltaneously. The four quadrant diagran was again used by Riley
and Pormutt, (1965) to discuss the distribution of gas and blood in
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two and three compartnent models of the lung.

(v) ZIndices nsed to assoss cfficiency of pulmonary s cxchange.

The difference in partial prossure betwesn alveolar gas and ar-
terial blood is regarded as the simplest index of impaired gas ex-
chang (West, 1970); and it is now universally acocepted that the
alveolar to arterial o-ygen tension difference, (.-’;—3.)7102; and the
determination of the physiologieal drad space to tidal volume ratio
(VD/¥T) are sensitive indices of the efficicney of pulmonary gas

exchango.

(1) (4-a)p0,

Farhi and Rehn in their classical paper in 1955 reviewed the
theoretical causcs resulting in an (&-a.)DOz. Three possible
factors are recognised; a distribuilion component dus o imperfect
matehing of alveolar ventilation and perfusion; a diffusion cou-
ponent, resulting from incomplete equilibration of snd-capillary
blood with alveolar gas; and a shunt couponent due {0 blood flow
bypassing gas-—oxchanging alveoli - the venous admiture effect.
The detormination of the proportional comtribution of these threc
factors to the total (.&-a):\(}z difference has been attompted by vari-
ous workers. Haldene in :ds Silliman Hemorial Lectures fifty
yoars ago clearly roasoned that wneven distribution of ventilation
or blood flow or both would produce an (A.—a.)DOz. Lilienthal et
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al, (1946) tried to detcrmine the diffusion component of (ﬂ-.e.)z:-o_2 by
studying the effects of breathing 11 - 137 oxygen. Their work
was based on the assumption that the diffusion component would be-
cone casier to demonstrate at a lower P102 and also that the ratio
of venous admixture would be unaffected by breathing the low oxygen
mixture. However, it was later shown that if the PI02 ie decreas-
ed by breathing a low oxygen mi ture, the increased proportion of the
inspired inert gases may increase the distribution component of the
(2-a)D0, (Parhi and Rahn, 1955; Overfield et al, 1969). Their
conclusions have thercfore not boen genorally acccptod. Haab

et al, (1960) using annesthotised dogs tried to moasure the dis-
tribution component, but their results are incanclusive. Farhi,
(1965) showed that the diffusion factor becouss of any importance
only at low oxygen t-nsions, Lenfant, (1963; 1964) measurcd
simultaneously thc A-a, oxygen, carbon dioxidce and nitrogen differ-
ences. Canficld and Raln (1957) had earlier demonstrat.d that

the sun of the 0,, GO, and N, differences due %o ﬁra/é distribution
would be zero if it were not for the non-linearity of the oxyhaemo-
globin dissociation curve. Lenfant raised the inspired PO, and
by using 02 - enriched mixturcs under hyperbaric conditions was able
to bring the PAO, in all alveoli to a point whers hacmoglobin is com—
pletely saturated. As a result, the oxyhaemoglobin dissociation
curve will reflect only the quantity of dissolved oxygen and become
linear., He showed that the (A—a.)DOZ exceeded only by a small
amount the sun of (A.-a)mi'a and (A.-a)DGOz; proving that the normal
(A----:u..)‘nf:)2 is due mainly to the distribution of {?A/f:‘;. Lenfant's
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conclusion is supported by the caleulations of West (1962, 1963, 1967,
1969), based on regional measuremwnts of vemtilation and perfusion.
Overfield and Xylstra, (1969) and Cohen et al, (1971) have been able
to estimate the (A-a)D0, components attributable to diffusion and
distribution in unanaesthetised men, They coupared the (A-a)D0,
in the prescnce and absence of Hz by getting their subjeets to
breathe 1007 0,y thus virtually olininating the distribution compo-
nent and any shunt component was minimised by lowering the pressure
in an altitude chanber in which the subjects werc seated. They
canoluded that in healthy men at rest, breathing 13 - 14 oxygen,
there is no measurable diffusion couponent. They showed howover,
that during hyporic excreise at 100 watts a component attributable
to diffusion limitation was present. Their work bears out the
theoretical predictions which had been earlicr worked out by Staub,
(1963) using a *forward intogration! procedure which was the roverse
of the elassical approach. He startcd at the arterial end of the
 pulnonary cspillary and caleulated the PO, of the cepillary blood
progrosaively along the capillary until he could estinate the remain-
ing alveolar/capillary PO, gradiunt at the end of the capillary.
Mellomgaard, (1966) had estimated the shunt component to be about 37
of the cardiac output in normal subjocts.

(i1) ¥n/ve,

The concept of pulmonary dead space is said to have been orig-
inally introduced by Zuntz in 1882 (Haldane and Priestley, 1935).
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Several workers estimated the anatomical dead space dircctly from
casts of the trachso-bronchial trec. Loewy, (1894) was the

firet to detormine thies. He found & velue of 144 ul in a

Plaster of Paris cast of the tracheo~bronchial trec in collap-

sed lungs. Rohrer, (1916) reported .. value of 162 ml for a
similar specinen. Baan <t al, (1959) measured the volume of

the extra and intra thoracic portions of the angtomical dsad space
by filling the airways with water. They found an averag: dead
space of 138 nl of which about 507 was due to the extra thoracie
airways. In 1890, Bohr introduced his equation for calculating
respiratory dead space based on the concentrations of gascs in al-
veolar and expirod gas. Another controversy followed, between
Douglas and Haldane, (1912) who found that the dead spac: increased
by up to six times during cxercise, and Xrogh and Lindherd, (1913)
who failed to find such an inercasc. The difference in results
was onoce again due to discrepancics rclated to the problen of sampl-
ing alveolar gas. In the Haldane and Priestley alveolar sampling

technicque the measurcd alveolar FACO, is mach higher than that in the

2
alveoli at the start or end of a normal cxpiration, as G0, output con
times into a rapidly decreasing lung voluae. Since the alveolar

FACO, is too high, the calculated VD valuc is also too high.

2
The physiological dead spact is thought of as r prosenting
Ywasted” ventilation and the deadspace to tidal volume ratio is an-
other inder that can be uscd to indicate impaired gas exchange.

The difference betwcen the physiological deadspace and the anaion-
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ical dead space is a direct relation of "wasted" wventilation and
had been termed "Parallel dead spac:" by Falklow and Pappenheiner,
(1955) and now usually known as "alveolar desad space" . ( Severing-
haus and Stupfel, .1957).

The apparent change in physiological dead space that ococurs in
disease vas developed by Rossier ot al, (1955) as a test of pulmon-
ary function. He used the term "functional dead space" for physi-
ological dead space and carly rocognised that an increase in *-JD could
result froa uneven ‘} A C:, ratiocs. V5 is incrcascd when there are
significant voluncs of the lung with a high {rﬁ/-:: ratio, i.c. with a
ventilation that is disproportiomately higher than the corresponding

perfusion.

(iii) Vencus admixture offcct (c\yﬁqt).

Impaired pulmonary gas oxchange may also be deseribod in terms
of "wasted" perfusion, tcrmed venous admixture or shunt. Venous
adnizture effect reflects both tho true right to left shunts as well
as the shuntlike offects resulting from blood that is inadequately
oxygenated by going through poorly ventilated areas of lung, i.e.
regions with low {rA/é ratios. In normal subjects the true shunt
is mainly due to commnications between bronchial and pulmonary voins
(Verloop, 1948) and the Thebesian veins which drain from the myocar—
diun directly to the left ventricle (Thebesius, 1708). Bronchial
pulnonary venous comwmmnications drain a fraction of the bronchial



circulation thet is distrilutced to the more poripheral parts of the
lung (liarchand et 21, 1950). Potential commmications, in the
fora of pre-capillary anastomoses, betwe:n bronchial and pulnonary
arterics, known as "sperr arteries" have also been described (Vom
Hayek, 1960). Ravin et al, (1965) calculated that in normal
subjects the component due to Thebesmian veins is about 0.37 of the
total cardiac output. The contribution of the bronchial- pul-
nonary venous anastonoscs is probably less than 17 of the cardiac
output (Mmim, 1971). liollemgaord, (1966) has estimated the true
surt to be sbout 1 - 2/ of tho cardiac output in normal seated
subjects, whilst the total shunt is about 5. of the cardiac output.

The subjcots sat comfortably in a chair with the left arm
supported and breathed through a low rcsistance valve for five
mimites befors the procedurc was carried out. Each estinate
involved & two mimute collection of mixed e:pired gas imto a Tis-
sot spiroucier and simmltaneously a colleotion of arterial blood
foon & previsusly siAed seedls 1 the konelial avbery the side
having becn carefully anaesthotised. The blood was withdraw
in heparinised 10 ml glass syringcs. Inncdiately after collec-
tion the syring: was sealed and the blood and heparin were uixed
by rolling the syrings. The firet fow milliditres of blood
wore discarded before the sample was amlyscd.. The disappear-
anoe of oxygen from shed blood is a well recognised phenomenon
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and has been the subject of a mumber of studies. It is thought
to be due to the metabolie activity of the c llular components of
the blood, (Rooth et al, 1959; Asmussen et al, 1961; Hedley-White
et al, 1964; Elridge and Fretwell, 1965; Groenbanm et al, 1967).
The sauples of blood obtained Irou the subjects during this study
were therefore analysed as soon as collocted.

Expired air was auloustically collected and comtimiously
analysed and recorded on a direct writing mmlti-chamncl recorder
(80 lingograf Schonander). Carbon dioxdde was analysed by a
rapid infre~red G0, suslyser (Uras 4; Hartmarm and Braun) and oxy-
gen, by a paransgnctic anslyser (Sexvomex 0, analyser Type OA 1 50).
Calibration of the instruments was carried out by gascs previously
analysed using a micro-Scholander gas analysoer. The whole pro-
cedure was performed very carefully with a view to ensuring as
steady & state as poseible. 4s. onaemia has besn shown Lo cause
an increase in (A—a)DOz (Sproule et al, 1900; Housley, 1967) this
vas excluded in tho subjects studied. They all bhad normal haemo-
globin concentrations and haematoorit values.

(d) Caleulations.

(1) (4=a)D0,

The deternination of the arterial oxygen tension prosented re-
latively few problens as better and quickeor tochniques for its
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neasurenents were evolvaed. The measurcment of the alveolar oxy-
gen tension, however, proved to be a different matter. Haldane
and Pricstley, (1905) used end-cypiratory air, making their subjects
expire quickly and foreibly dowm a long tube with a side arm and
collecting the last portion of gas for amalyeis. Rahn, (1949)
pointed out that the alveolar gas cxchange contimues during the
prolonged expiration resulting in 2 higher P002 than average, the
P02 being correspondingly loweors The alveolar ges composition so
analysed, will also q.bpend on the depth of the precceding inspiration.
Rahn and Otis, (1949) developed a methe! by which > few millilitres
of gas were withdrawm at the nd of each nawsl rapiration. The
accuracy of such a moethod is obviously linitod by the uncvennecss of
gas distlribution in the lungs, a feature which beconcs even mor:
prominent in the presence of airways obstruction.

Two groups of workers tried to get around this problenm by deriv-
ing an averago value for PAD2 indirectly. Riley and his colleagues
in the U.S.A. (1946, 1949) and Ressicr, (1949, 1953) in Switszerland
explored this possibility at sbout the sane tine. Their work was
based on the assunption that the carbon dioxide teonsion of arterial
blood is equal to the alvcolar carbon dioxide tension and substitut-
ing Pa.002 for PAGD2 in the alveolar gas equation. There is evi-
dence from the work of Lenfant, (1963) that a smell (A-a)DCO, my
exist in normal subjects; if this were the case, the moz calculated,
assuning cquality of PAOOE and Pacoz would be lower than the true
PAD,, resulting in an undorostimation of the (A~a)DO,. Because

of the shap- of the blood dissociation curvzs ths srror introfuc~4
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in using the arterial '3008 is generally very an:ll. Riley and
Cournand (1949) called the alveolar oxygen tcnsion so obtained "ideal®
because it represents the value present if the V,/Q ratios were equal
throughout the lung and no diffusion limitation was present. The
PAO, used in the computation of the (A.-a.)D02 in this study, was there-

2
fore obtained froms

PAO; = FI0, =~ P00 4 (0.2093 x Paco, (1<)
R R
(11) YD/VT.

The ratio between dead space and tidal volume was first intro-
duced by Baghoff in 1931. In 1938, he suggested that the dead
space be measured by substituting I-‘ai,w2 for PA002 in Bohr's equa-
tion, introducing the modern coucept of physiological dead space.

He used the term "Volumen inefficax" to siress its functional nature.
The physiological dead spacc reported in this study was calculated:

V™ = VP x(PacO, - PgC0,)

( PaCo

s )
A correction was mede for the dead space of the mouthpiece

vhich was measursd by water displacemcont and all volumes corrected

to B.T.P.S.
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(iii) Yenous admi-ture (shunt)

The shunt was calculated from the standard -~quation:

Q_ = Co0, - Cad,
- W
Qt 0502-%2

assuning an a - v oxygen content difference of 3.5 and 5 ml,

Where Q /ét is the ratio of venous admixture to total blood
flow; Go02 ie the oxygen content of pulnonary end capillary blood
and is in practice caloulatod on the basis of end capillary PO, be-
ing equal to ideal alveolar P02; 0302 and Gv02 being, the arterial
and miwed venous oxygen contents respectively.

RESULTS

The patients studied all fulfilled the definition of chronic
asthma on eclinieal grounds. The duration of their illness ranged
from six monthe to thirty-four years (sec Tables V and VI)

Their discase could no longsr be controlled by bronchodilator drugs
and they wero admitted to the Department of Respiratory Diseases for
a trial of corticosteroid thorapy. In none of thes- patients had
such drugs been uscd previocusly. The study was conduoted in two
stages, cleven patients being initially admitted to the study in the
first stage and twelve patients to the sceond stage. Bepides the



TABIE v

Clinical and Spirometric data on patients studied during the

first stage of the investigation.

Patient Age Sex Ht. Duration of Initial FEV1 Predicted FEV,|

Disease.
M,Te 41 M 1.75m 34 yrs. 700 ml. 3150 ml.
SeDe 39 | B 1.62m 13 yrs. 1060 ml. 2050 ml.
B.Re 62 | M 1.75m 2 yrs. 1400 ml. 2600 ml.
M.E. 43 | F 1.73m 12 yrs. 825 ml. 2750 ml.
M.J. 76 | F 1.59m 6 mths. 950 ml. 1800 ml.
R.ﬂ. 3| F 1.62m 5 yrs. 625 ml. 1800 ml.
H.N. 24 | F 1.55m 4 yrs. 2550 ml. 2650 ml.
SeBs 47 M 1.72m 5 yrs. 2430 ml. 3400 ml.
D.M. 51 F 1.57m 6 yrs. 880 ml. 2200 ml.

Predicted values for the forced expiratory wvolume in one second
for males are derived from Kory, R.Ce Callahan, R.,Boren, H.G.
and Syner, JeCe (1961)., Amer. J. Med. 30: 243 and from Ferris
BeGey Anderson, D.0., and Zickmanteli, R. (1965)., Amer. Rev. Resp.

Dis., for females.



Clinical and Spirometric data on patients studied during the

second stage of the investigation.

Patient Age Sex Ht. Duration of FEV1(initia,1) F'qu(predicted)

Disease
B.H. 14 1 F| 1.5Tm 10 yrs. 2000 ml 2850 ml
K.He 3| F| 1.54m 9 mths. 600 ml 2620 ml
M.V, 51 F| 1.52m 4 yrs. 625 ml 2200 ml
M. N. 44 | M| 1.78m 3 yrs. 2300 ml 3650 ml
A.L. 25 | F | 1.53m 14 yrs. 1600 ml 2700 ml
F.G. 43 M 1.59m 24 yrs. 700 ml 2900 ml
GeWe 14 1 M| 1.47m 11 yrs. 950 ml 2350 ml
Sede 47 | M| 1.58m 6 mths. 1175 ml 2800 ml
BeW. 38| M 1.64m 1 yr. 1600 ml 3400 ml
GeA, 68 | M| 1.58m 15 yrs. 540 ml 2250 ml
L.R. 63 | M| 1.58m 10 yrs. 1635 ml 2500 ml
M.R. 32 | F| 1.52m 3 yrs. 2350 ml 2500 ml




138.

patients with chronic asthma, two patients who were mown to suffer
fron chronic bronchitis (lMedical Research Council, 1965) were also
studied during the first stage. They were shovm to have a degrec
of reversible airway obstruction when tested to subcutaneous injec-
tions of Adrenaline and Atropine and they woere therefore given corti-
costeroide to find out whether these druge would be of any therapou-
tic benefit to then. All the patients had normal hepatic and
renal function (Tables VII,VIII % normal electrocardiograms.

Their chost »=rays revealed a mild to modorate degr-e of hyperinfla-
tion but no other abnormal features. The results of sputun oegs-
inophils, and absolute blood eosinophil count are showm in Table IX.
Precipitins to Aspergillus furdgzatus were absent in all ocases.

Prickk glin tests were positive in five of the fourteen patients who
completod the study (M.Bey MeTey GeWey HeBey and AeLe) These
patients all dencnetrated hypersensitivity to some or all of a wide
variety of pollons, house dust mite, animal fur and Dermatophagoides

pleronyssims.
Stage 1

In the first part of the study, two patients H.N. and S.B.
inproved spontaneocusly soon after admission to the trial and were
therefore cxcluded from it. Patient D,lls bocame extronely
wheesy and dyspnoeic on the second pro-treatment day and inmediate
therapy for acute asthna was instituted. The two brouchitic
pationts (Al and A,N,) showed no response to the corticosteroids,
their resiilts arc included in the Appendi:x, The results of the



TABLE VII

Liver function tests

Serum bilirubin S.G+PoTe Alk. Phosphatase
M.T. 0.6 mg 12 units T KA, units
SeDe 0.5 mg 10 units 6 K.A. units
B.R. 0.6 mg 15 units 10 KeA, units
M.B. 0.4 mg 16 units 12 KA. units
9 0.8 mg 13 units 7 KoAs units
Rel, 0.3 mg 17 units 9 KeA. units
HoN. 0.3 mg 6 units 9 K.A. units
SeB. 0.5 mg 10 units 10 KsAs units
DM, 0.4 mg 11 units 9 K.A. units
BeHa 0.4 mg 10 units 12 KeAs units
KeHe 0.2 mg 12 units 7 KoAo units
M,V. 0.4 mg 14 units 7 KelAs units
M.N. 0.4 mg 14 units 11 KeA, units
AsLg 0.6 mg 12 units 8 K.A. units
FoGa 0.6 mg 10 units 13 K.A. units
GeWe 0.8 mg 8 units 12 K.A. units
Sads 0.8 mg 12 units 11 KeAe units
Bele 0.8 mg 11 units 10 K.A. units
Geds 0.6 mg 9 units 11 KoA. units
L.R. 0.7 mg 16 units 19 Kehs units
M.R. 0.5 mg 12 units 6 KeAs units




TABLE VIIT

Serum Urea Serum Sodium Serum Potassium Serum Chloride
mg/100 ml. meq/1. meq/1. meq/1.
M.T. 25 140 4.1 106
S.D. 23 140 3.8 107
B.R. 25 139 4.1 108
M.E. 33 139 4.3 107
| 40 143 3.9 110
R.M. 39 141 3.9 107
Hol, 23 136 3.6 103
SeBa 30 142 3.8 106
DM, 28 138 4.2 107
B.H. 25 135 3.5 98
K.He 36 142 4.2 106
MoV 39 140 4.0 103
M.N. 24 141 3.6 103
A.L. 21 140 4.2 107
FoGoe 29 140 3.4 102
GaW, 21 135 A3 100
Sede 37 143 4.1 103
BoWe 24 139 4.1 101
Gehe 4 | 141 3.8 103
LeRs 29 141 4.9 103
M.Re 30 140 3.8 105




TABLE IX

Sputum
Bos Asp.Fum. Blood eosinophils Asp. f. precipitins
M.T. —_— +—= 1170 | 600 | 660 -
SeDa e —_— 860 | 720 | 880 -
B.R. - e 1400 | 750 | 800 -
M.Es | +— - 440 | 430 | 624 -
MeJe | ++— —_— 500 | 710 | 540 -
RM, | —— — 350 | 400 | 320 -
Billy | == - 1000 | 700 | 960 —
S.B. — - 300 | 250 | 280 -
D.lla —+— —— 250 | 280 | 300 -
BaHe —— —_— 250 | 200 | 400 =
K.He | —— - 660 | 605 | 500 -
M.V, —_— - 200 | 300 | 250 -
M, N, —_— —t— 300 | 340 194 -
AJLs | ——+ — 460 | 400 | 480 -
FoGo | ——— — 200 310 | 280 -
Golla —— —_— 940 | 870 | 850 -
Sede ——— —_ 666 | 620 | 936 -
BaWa — —_— 120 | 580 | 450 -
GeAe | —— . 180 | 200 | 250 -
L.Ra e - 960 |1000 | 940 -
MeRoe | —- - 550 | 220 -
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pulnonary function tests presented in this part of the study, there~
fore, refor to the firet six pationts showm in Teble v . Toliy
wag unable to perform the last set of measurements 36 hours after
Prednisolone administration because of an acute attack of breathleso-

noge.

lidnor fluctuations in all the mecasurcments were obscorved dur-
ing the first two days of the trial, but no consistent pattern was
Sech. In particular, no significant diuwrmal variation was obsoer-
ved, nor could any response to placebo tablets be domonstrated either
within individuale or the group as a whole. This applies to both
groups of patients studied in the two parts of the investigation.
Individual resulis are included in the Appendix. In order to
reduce the effect of individual variation all measurements were ex—
pressed as a percentage of the pre~treatnent value. Statistical
significance was tested in all instances by neoans of Student®s ™"
tost (Snedecor and Cochrane, 1971).

Prednisolone producod consistent changes in dynanic lung volunes
(PaBeToy3 FaValoj PoBoPoR,) which were evident and statistically
significant from the pre-treatment measurenents within three hours
(P 0.05; PQOS; P 0.25). In the group as a whole the poak effect
was observed at nine hours, after vhich there was a doeline towards

pro-treatnent levels, as showm in pig, 9, 10, and 11.

Static lung volunes (TeLsCey FeReCoy ReVey and ReVe/TeLoCe)
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foll by six howrs of preduisolone aduinistration as showm mFig. 12,13, 14.

At this tine in the growp as 2 whole $he £all in RV, and LeVe/TeleCe

was significant (P 0.025; P 0.035) but the ohanges in TeleCs and

PeRals wore not. In one pationt, SeDey the FelleCe and Tolels

244 however £all to 55.40 and 797 of the pre-troatnent walues.

mmmmﬁnmm. twelve hours after the

dzug had boen givenm, thewe wns o slight detoriorstion ia all the lung

volunes in tho group as a vhole, which catimuod over tho noxt tvoaly-

four hours. Twp of the paticmte, L3, and LT., however, showeld o

further ioprovecent ot twelve houvrs. In goneral , the majority of

potients, fowsl that $his tost ves the most 4ifficult to perfor:.

A1l paticnts hod ovidence of hyperinflation, their protreatuont FeR.

Cs ranged botween 1157 and 2167 of the prodicted, the meon and stan-

dard erpor being 1567 and 167,  Although thair Vig e consiston-

tly and significsntly greater than their PuReCe (P 0.001), the aif-

fmbmmmmmm“mtmug%ig. 15).
Body pl-thysuographic mcasurenents shovsd maricd changes at the

tino of their firat owasar-ment, six hours after Prodaisolen: &ig-%'”)'

SCaw rising anl Vig falling compared with their pre<tr-ctsent values.

The nost noticcabl. chang: was found twelve hours after tho drug hal

been given. The changes in Raw and S0aw were significant at oix

hours (P 0.01; P 0.05) tut the change in Vig was not (P 0.4).

The latter was Lowwver significantly door-ag:d by tw-lve hours.

lnssyren ats porforned v lvs hours aft-r the adainistration of

Prednioolon: shorod a returm of all these peranet-re towmeis pr -
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pre-treatmnent levela}

Three hours aftcr Prednisolone administration both the MH,E.F.R.
and the M.lM.F.Re were significantly greater than before durg admini-
stration (P 0.05; P 0.05); improvement reaching a peak at nine
hours, after which a decline ocourred. At nine hours the mean
HeZeFeR. was 1767 of the pre-trecatment value and the mean N.M.F.R.
was 218,57 (Fig.18,~120.) Individual patients showed parallel
changes as shown in Piz.21-23. The maximum expiratory flow wvolume
curves for subjects 35,D., M.E., and R.l. are representative of the
whole group. Only four curves are reproduced on each graph for
the sake of clarity. When airway obstruction was severe the peak
flow was reach early on in the vital capacity and then the rate of
flow fell off cquickly, making the curve concave to the volume axis
throughout. Following therapy, the curves became more convex
upward and airflow at any given lung volume increased. Flow was
also plotied against the absolute lung volume obtained from helium
dilution measurements. Fig. i24+26 show this for paticnts S.De., HeE.,

and Rl

Therefore these six paticnts, both individually as well as a
group, showed a similar pattern of response. A statistically
significant improvement was detectable within three hours of Pred-
nisolone administration. The peak effect was reached within
nine to twelve hours, after which there was a return towards pre-

treatment levels. The mean change in P.E.F.R., F.E.V.1, MeZoFeR,
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and SGaw was still statistically significant twenty-four hour aft r
the drug had been given (P .005; P 0.05; P 0.05;:? 0.05).

The mean change in FeVeCey ReVe/TeL.C. aml M,},F,R, was however no
lenger significant by this tine. The mean change in P.E.FeR.
and F.S.V.P had returned to non-significant levels by thirty-six
hours. SGaw was howerver still markedly improved by this time

in four patients, M.E.y MeJey SeDs and B.R. Thesc patients had
values of 1617, 1417, 1927 and 1751 respectively, of their pre-
treatment mcasurements. o statistical analysis was attompted
on the mecasurements obtained at this time as patient M.T. failed

t0 carry out this t-st becaus: of an acut o:uset of breathlessn-ss.

Stage II

Of the twclv: patients initially admittod to th- study only
eight nanaged to complete‘it. HeRe improved spontaneously within
& day of being admitt-d to hospital whilst patient &._0. and L.Re
becane acutely breathless soon aft:r admission. Patient B.W.
was able to complet: th- first two days of the trial but d-spite
having had 40 mg Prednisolonc~ orally, developrd an acute attack of
asthna eight hours after the drug had been given. The results
pregentod in thie part of the study hence r«fer to the first eight
patients in Table VI . As patients G.W., and HeB, were under the
age of consent it was felt that arterial blood should not be with-
drawn from then.
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In this part of the study the FEVT, FVC and PEFR were mecasured
hourly during the first threce hours following the Prednisolon-
administration in addition to the measur:ments performed at times
gimilar to the previous stage. This was done in an attempt to
cstablish whether change could be dctected at an earlier timc than
that found in the first six patients. Body plethysmographic
meagsurenents were also carried out more frequently. Pulmonary
gas ervchange was studied on two occasions, at 0800 hours of the
third day, i.e. an hour beforec Prednisolonc was given to the pat-
ients, and at 1800 hours of the same day, when the perak «ffect was
expected to be present. The effect of an intravenous injection
of Hydrocortisone sodium succinate was followed hourly for twelve
hours using a Wright's peak flow meter on the fifth day of the

study.

In the group as a whole statistically significant improvement
in the FE?1 could b: detected one hour after Prednisolone administra-~
tion (P 0.025). Although both the F.V.C. and the P.E.F.Re showed
an improvemcnt at this time, this was not statistically significant.
Significant improvement in both tests did however occur two hours
after the drug had been given (P 0.005; P 0.001). In the group
as a whole, the peak cfieet in all three parameters occurred at nino
hours, as shown in Fig.27=29. However, in some patients the peak
effect was detectabie at six hours(Valuesin Appendix). The dif-
ference between the measurements of these tesis performed six and

nine hours after Prednisolone administration was not statistically
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significant. A parallel change was observed in the r=la:ed vital
capacity measurement as shown in Fig.30 ; a significant change was
observed after an hour (P 0.05). This measuremcnt was generally

greater than the F.V.C. (Table X).

Vtg and Raw deorcascd and SGaw increased to significant levels
when they were first measur<d, three hours after the drug had been
givea (P 0.01; P 0.005; P 0.005). The maximm ffect on Raw,
Vtg and SGaw, in the group »s a whole, was found to occur at nine
hours as shown in Fig. 31,32. However, there were individual vari-
ations; thus the lowest Raw was found at twelve hours in four pati-
ents (HeBey GeWey Sedey and M.V.), this was also true for the Vig
and SGaw. The mean values measured nine and twelve hours after

Prenisolone administration were in fact not significantly different.

Pulmonary gas cxchange was studied in six of the eight patients,
in one of these, leN., collection and analysis of expired gas was not
successful because of breakdown in squipment. Although R values
were on the high side, ranging between 0.88 and 1.20, the pre~trecat-
ment and post-treatment values were comparable, as shown in Table XI.
lean pre-treatment R. value was 1.04, the corrcsponding posti-ireat-
ment value was 1.05. The arterial 902 rose in all patients and
the alveolar-arterial oxygen difference deocroased as shown in figures
and tablesyl both changes being significant (P 0.005; P 0.001).
Dead spece:tidal volume ratio and PaCO, showed little change, as can

be scen from Tables XIII, XIV . Table XV shows the change in
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TABLE XTI

vCo VO, and R values

21 2
Patient Pre-Prednisolone Post-Prednisolone
K.H. 197 207 0.95 179 203 0.88
M.V. 206 173 1.19 184 180 1.02
A.L. 249 230 1.08 325 254 1.20
F.G. 271 275 0.98 202 215 0.94
Sede 232 226 1.02 245 225 1.09




TABLE XII

( A""a) DO2£_HHHHg)

Patient Pre-Prednisolone Post-Prednisolone Predicted
KeHs 27 11 11
MoVe 36 26 13
A.L, 29 20 8
FuGe 36 25 12
Sede 32 18 12
TABLE XIIT
Dead Space:Tidal Volume ratio

Patient Pre-Prednisolone Post-Prednisolone Predicted
KoHe. 46% 48% 31%
M.V. 4% 45% 33%
A.L. 42% 40% 29%
Ptk 41% 40% 32%
SeJe 44% 39% 33%

Predicted values from Mellemgaard K (1966) Acta physiol. scand.

67;10.
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TABLE XV

Venous—admixture effect

Patient Pre—Prednisolone Post-Prednisolone.
M.V. 10 - 12% 7 - 9%
A.L. 11 - 16% 4 - 7%
FoGe 12 — 16% 9 - 12%
TABLE EEE

Alveolar Ventilation

Patient Pre-Prednisolone Post-Prednisolone
K.H. 4.25 1 3.90 1
M.V, 5.23 1 4.40 1
A.L. 5.65 1 7.79 1
F.Ge 6575 1 4.50 1
Sede 5.40 1 6.20 1
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venous admixture effect; this was also significantly decreased
(P 0.01).

Following the administration of 200 mg of Hydrocortisons in-
travenously, in the group as a whole, the P.,E,J.R. was significantly
increased one hour later (P 0.05). The overall peak effect
occurred at five hours after the injection. There were however,
individual variations. Thus in patients H.B., M.N, and F.G. the
maximun change occurred at four hours and in patients M.Ney, SeJday
and M.,V., this took place at six hours. Migure 35 shows the
mean effect of hydrocortisone on PEFR and Pipgure 36 compares the
ff-ct of plzec:bo tablets, pred.n_isolone and hydrocortison-, on the

sane test.

The r=versibility tests to a2drenaline and atropine arc shown
in Tabl '8 XVIT - XX. Both adrenaline and atropine producad
statistically significant improvememt in FEV, (P 0.001; P 0.001).
The chang~ in F‘iIV,I produced by adrenaline was nmarkedly and signifi-
cantly gr-oater than that produced by atropin:, (P 0.001).

Similar chang's w ré found in the FVC.
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TABLE XVII

F‘EU‘,f reversibility to Adrenaline

Pre—treatment Post-treatment
M.T, 650 ml 3000 ml
S.D. 980 ml 1790 ml
BeRe 1040 ml 1650 ml
M.E. 820 ml 2060 ml
Mad%W 1030 ml 2150 ml
R.M. 500 ml 1630 ml
B.H. 1350 ml 2450 ml
K.H. 750 ml 2000 ml
M,Va 750 ml 1350 ml
M1, 2150 ml 3800 ml
A L. 1800 ml 2300 ml
F.G. 1000 ml 1730 ml
Gole 780 ml 1100 ml
Sede 900 ml 1850 ml




TABLE XVIII

FVC reversibility to Adrenaline

Pre-treatment Post—treatment
M.T. 1800 ml 3400 ml
8.0, . 1270 ml 2850 ml
B.R. 2450 ml 3200° ml
MeE o 2200 ml 2650 ml
MeJa" 1530 ml 2700 ml
R.lM. 1630 ml 1950 ml
B.H. 2200 ml 2650 ml
KeHa 2050 ml 2500 ml
M.V, 1025 ml 2075 ml
M.N. 3700 ml 4650 ml
A.L. 2950 ml 3075 ml
FoG 2600 ml 3450 ml
CeWa 1700 ml 2300 ml
Sede 1950 ml 3150 ml




TABLE XIX

FEV1 reversibility to Atropine

Pre-treatment Post-treatment
M.T. 650 ml 2650 ml
SeDs 1030 ml 1270 ml
B.R. 1150 ml 1350 ml
M.E, 820 ml 2000 ml
R.M. 950 ml 2000 ml
MeJ e 1000 ml 1900 ml
B.He 1550 ml 1975 ml
KeHa 720 ml 1100 ml
MaVa 600 ml 925 ml
M., 2375 ml 3100 ml
A L, 2000 ml 2400 ml
FeGa 800 ml 1250 ml
GeWe 750 ml 850 ml
Sede 1150 ml | 1450 ml




FVC reversibility to Atropine

Pre—treatment Post-treatment
M.T. 1730 ml 2880 ml
SeDs 1500 ml 2680 ml
B.R. 2375 ml 2650 ml
M.Ea 2300 ml 2460 ml
M.J e 1390 ml 2430 ml
R.M. 1350 ml 2050 ml
B.H, 2525 ml 3100 ml
KeHea 1900 ml 2480 ml
M.Va 900 ml 1300 ml
M.N. 4125 ml 4925 ml
A.L. 2850 ml 2900 ml
Fu.Ge 2575 ml 2700 ml
Golla 1550 ml 1850 ml
Sede 2300 ml 2800 ml




146,

DISCUSSION,

Sir John Floyer, in his book, 'Treatise on Asthma® (1698),
wrote, "The Asthma is a long Disease, and it requires a long
Observation to give a true Account of its Symptoms, Changes and
varions Causes, which common Patients cammot nicely obssrve",
Floyer's cbservation is of course perfeotly correct, and his
suggestion that "a long Observation" is ncoessary for the under-
standing of asthma perhaps applies most appropriately when the

therapeutic value of drugs is being assessed in this condition.

It is common knowledge that it is difficult to ovaluate the
effectivencss of anvy therapeutic measure because of the psycholo-
gical effect of the new procedure itseclf and the increased atton-
tion that the patient frequently receives. When corticosteroid
therapy is used the evaluation is perhaps all the more difficult
because of the frequent cffcet of this drug on mood. The diffi-
culty of drug evaluation in such a variable and complex discasc as
asthma is illustrated by the fact that the Medical Rescarch Council
in 1956 concluded, on the basis of a controlled trial, that cortico-
steroids have no long term value in the treatment of chronic asthma.
The report is based on 96 paticnts, 49 of whom were given Cortisone
acotate and the rost placebo tablets; 19 of the patients failed to
complete the trial for various reasons. Asscssment was carried
out fortnightly by means of a physical examination, an cvaluation

of cxercise tolerance using five arbitrarily defined grades, an
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arbitrary asscssnent of incapacity for work and a single neasurcment
of vital capacity, over a period of thirty-six woeks. Almost all
the patients were also receciving bronchodilator and other drugs dur-

ing the study.

It is essential that a homogeneous group of patients be sclected
when the value of a drug ic $o be assessed in bronchial asthma, in
order t0 ensur: that results obtained in individwal patients arc com—
parable. Asthmatic patients often show changes in the severity of
their discasc either spontaneously, following hospital admission, or
as a response to placsbo proparations. These patients often o=
hibit significant day to day, as well as, diuwrmal variation in air-

way obstruction.

Definite day to day fluctuations in tests of pulmonary function
have been demonstrated in pationts with chronic airway obstruction
by various workers, (Spicer ot al, 1962; Beerel ct al, 19463; Freed-
nan, 1963). lioDermott, (1966) pointed out that airway resistance
in normal subjects may have cyolical changes throughout the day.

She found a deorease in airway resistance of about 107 in the morn-
ing (between 10 a.m. and 3 p.m.) which was followed by a elight in-
crease in the evening (from 3 p.m. to 11 p.m.). Zuidema, (1965)
measuring airway resistance by an interrupter technique found a sinmi-
lar diurnal variation in ten asthmatic patients. Zedda and Sart-
orelli, (1971) using a body plethysmograph reported that bronchitic
and asthmatic patients showed an increase inairway resistance in the
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afternoon. On the other hand, Ouystt and his co-workere (1967)
failed to find any significsnt variation dwring the day, or fronm
day to day in their study on normal subjeots. Lewvinsohn et al,
(1960) demonsbrated rolatively large spontancous veristions in PEV,
and FVC botween € a.m. and 10 pem., with lowest values occurring
early in the morning. Puleihan and Abboud, (1968), hoawever,
founl no significent change in TLC, RV, FEV, and PVC botween 8 sum.
and 4.30 pem. in their paticonts with airway obstruction.

Hune and Gandevin, (1957) and Hwme and Rhys Jones, (1960)
deseribed & fresponse curve' in astl_:mtio paticnts; wheres, during
an acute <pisode, thers ip slight improvonent following isoprens-
line therapy, the respons: inereasing as th: patient’s clireal con-
dition improves ani finally deor-aging again ag ths patient's clini-
cal state approsches norsal. The bell-shaped response curve of
Houme and (andevia was however not reproduccd in Pain and Read's
study (1963). An inportamnt point cupbasised by the latier workers
is that tho degre- of improvement also epends ou whether th- pati-
ent¥s condition is iuproving or detoriorating when the initicl pre-
trostaent FoV, is neasured.

Great carc was taken t0 ensure that the pati-nts selected for
the present study had a stable degre- of airway cbstruction. Any
significant degr-e of diurnal variation, spontanecus iprovement or
placebo effect was cxeluded by performing neasuroments at identical
tines during the day in which the paticnts were an. placebo tableota,
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as woll ag when they received the actual drug. Although minor
fluctustions in the various parameters could be observed during the
placebo days, these were not significantly difforent from the pre-
treatuent values. Muring thes- two days, thr-oe patients improved
spontancously and a similar mumber devcloped acute asthma and were
therefore oxecluded from the study on grounds of instability.

It is of‘ten both difficult and hazardous to base the interpr:ta-
tion of the therapeutic response to 2 drug in bronchial asthma by
employing isolated tests of pulmonary function. Similarly, it
is frequently misleading to make subjective assosaments of the degre-
of breathlessness or execrcise tolsrance without performing objective
pulmnonary tests. It was for these reasons that th- eéffocts of cor-
ticostc 0143 in the patients investigated in this studvy were carcfully

monitored using a wide range of pulmonary function tests.

All the pati-nts were screcned for Respiratory tract infection.
They all had three sputum specimens negative on culture for ordinary
pathogens, and sputum which was macroseopiocally mucoid. Thers was
no conconitant cardio-pulmonary disecasc in any of the patients, an
elsctrocardiogram and a chrst »-ray taken at the beginning of the

study were all normal.

It has bren demonstrated that the clecarance of corticosteroids
from the plasma maybe abnormal in patients with either renal or hepa-

tic dysfunction (1 ix“-r.an and Teich, 1953; Brown et al, 1954; Willar-
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dson et al, 1955: Wallach and Simons, 1958; Peterson, 1960), Ver-
ous congestion of the liver in cats has be<n shown to lead to decrea-
se. efficiency in the inactivation of deoxycorticosterone, cortisone,
cortisol and aldosterone, which may last for as long ae nine months
after the onset of congestion (Yates, 1958; Yates, Urqubirt and Her-
bst, 1958).  Hench had reported the observation that patients
with rheumatoid arthritis who developed jaundice often showed remar-
lkable improvement in their symptoms. This phenomenon he later
attributed to a decrease in the rate of inactivation of adrenocer-
ticosteroids by a derarged liver (feach, 1952). Peterson, (1959)
reported a plasma half-life for predniscloneof 200 mimutes in nor-
mal subjects and 240 mimmtes for patients with hepatic cirrhosis,

the corresponding values for hydrocortisone being 80 - 100 mimutqs
and 300 minutes. Rugent and his co-workers found very similar
values for prednisolone; 214 mimates in normal males, 241 mimates in
patients with hepatic disease and 223 mimutes in patients with renal

insufficiency.

In all the patients studied, there was no evidenece of hepatic
or renal disease. Gstimations of serum urca and electrolytcs,
plasma bilirubin and serwas alanine aminotransferasc and alkaline
phosphatase were all normal (Table Hyperthyroidism has
also been shown to enhance hydrocortisone turnover through incrca-
sed formation of conjugated A-ring reduced products, (Levin and
Doughaday, 1955; Brown et al, 1958). None of the patients stud-

ied had clinical :vidence of increased thyroid activity.



151.

Evidence is available that a number of drugs are cap:ble of
activating pituitary-adrenal secretion, Amongst these are chlor-
promazine (Egdahl and Richards, 1956), reserpinc (Bgdahl, Richards
and Hume, 1956) and thyroxine analogues (Melby ct al, 1960).

Ther~ have also recently beenrcports that certain drugs can en~
hance the hepatic metabolism of corticosteroids. Thus Werk and
his colleagues (1964), Comney and his associates, (1965) and Jubis

et al, (1970) pointed out that the anticonvulsant diphrnjlhydantoin
cnhanced hepatic microsomal hydroxylation cnzyme activity, resulting
in an increased clcarance rate of corticosteroids both in rats and
in husan subjects. Their work has besn supported by that of Haque
ot al, (1972), who found that diphenylhydantoin hastens removal of
dexamethasons from the plasma mainlv by increasing its conversion to
nore polar metabolites. Burstein and Klauber, (1965) reported

that barbiturates t00 inercascd the clearance rate of corticosteroids.

Brooks et al, (1972) have recently studied the effect of pheno-
barbitone therapy on corticosteroid mctabolisa in eleven patients
with broachial asthma, The previous work had bern done on normal
subjects or patients on long term anticonvulsants, Brooks and
his co-workers found a mean decrease in half life of 44 and an in-
creasc in metabolic clearance rate of 887, of the intravconously ad-
ninistercd dexamethasone following the administration of 120 ng of
phenobarbitone in four daily divided doses for three weeks. Threc
prednisolone-dependent paticnts deteriorated celinically and showed an

increase in blood cosinophilia and a fall in the FEV, and MMFR follow-
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ing phenobarbitonc. When barbitone was stopped, thesc changes
wore revorscd, The patients in the present study, ther-fore, re-
ceived no other drugs besides corticosteroids during the trial.

It wvas cnsured in this way, that as far as possible, 1o «xt-rnal
factors int rf red with corticosteroid metabolism, and the changes
observed in mulmonary function could reasonably be attributed to

the corticosteroids administered.

The rate of removal of hydrocortisone from the bloodstrean of
noraal subjects has been report d to be faster in children than in
adults (Done and Kally, 1956) and faster in the adult than in the
aged (Tyler et al, 1-955). It has boewsuggost-d that this is due
to the difff.rant_m:-takom retes present at the different stages of
life. Collins ot al, (1970) on the other hand, r ported finding
no statistically significant difference in the handling of intra-
venous hydrocortison: betwecn young and elderly healthy individuals.
Age however appeared 10 have no effect on the time course of res-
ponse of corticostoroids in the asthaatic patients etudiod in this
investigatione s two fourteea year old paticnis aul two pati-
cnts who werc over sevonty years old had a similar respons: 0 that
of the umiddle age adult pati-nts.

Although various tiuse intervals have been suggested as lapsing
betwemn the administration of corticostrroids and the onart of ime-
proveuent in patients with bronchial asthan, no systematic physiolo-
gical studies have as yet ben carried out. Th-se tinc-intervals
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have been variously reported as two to three hours (Cop~, 1972), five
to ninc hours(Schwartz, 1950) and twenty-four to forty eight hours
and longer (Herxh im r, 1966). The relief provid d by cortico-
steroids hae o =0 been deacribed.as imm-diate, (Sap'ria, 1966).
It is not surprising that econfliecting resultes of this nature have
been report d, beccus tho degres of sevirity of the disease, the
patients studied, the drugs given and the dosages and routes f admin-
ist ation have been widlely different. All too oft n, subj-ctive
cliniecal observation se ms to have been relied on when conclusions
‘'wer® being drawn, instead of systomatic physiological ass ssment.
Port v and his coll agues (1970), who wers studying th- offects of
corticosteroids on ths distribution of histamine in th blood of
asthmatie chiliren, » ported se:ing very rapid elinieal improv ment,
in two pati nts two to thr-e mimutes aft-r the administration of a
singl corticosteroid dos . Inde 4, 80 rapid was th: effect that
the authors comaented that it "ge med to be psychological rather than
pharnacological ™. Gliek and Freciman, (1999) usi . fhtr: mscul-r
corticotrophin in pati nte with acut asthma have r ported signific-
cant changes in P,B.J,R. (P £ 0.001) at the tim of the first u asure-

ment, six hours after th injection.

In the patients studied the arlicst effect produced by the
administration of pr dnisolon  that was statistieally signfficant was
the chang: in FEV, and th- change in relancd vital eapacily that oecurred
in the 8 cond part of the study. Thes chang s occurred on  hour

after th- drug had buen givin. In thes pati nts, the chang's in FVC and
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PefiePsRe becan: statistically significant at the next time they were
neagured. Speeifiec conductance was also signficantly improved
when first ncasured, thre hours aftcr the drug had been administered
The mean peak effect of all tests for both groups of pationts ocour-
red nine hours after prednisolone had been given. Therealtor,
there was a detorioration towards pre-treatamnt levels in all tests.
The changes in PeZeFefle and F‘i:?ﬂ',‘w ere 5till statistically significant
when thes: were mcasured thirty-thre. hours af't r adainistration of
prednisolone in the sweond group of patients (P 0.05; 2 0.05), but
had fallen to non-gignificant lev:ols by thirty-six hours. The
ochange in FVC wes not siguificant when measured twenty-four hours
af'ter the drug had been given. Howcver specific conluctance

when lagt se@sur:d, thiriy-si: hours altor treatment, wus still
significantly inoreased in the eccond group of patients ( 2 0.05).
In contrast the mcan change in Peleelle was significanily inecroased at
the time of the firet neasurement, ous hour after the intravencus in-
jeotion of wim. the peak offect being attained in five
houre, The msan change in P.l.F.R. was no longer statistically
significant at the tine of the last neasurement, vw-lv. bLours after
the injection (P 0.10),

Payme td, (1967) writing ebout the investigation ol bronchial
asthma, stated: "The inability to reproduce patterns of airway ros-
pongiveness to test o dications in the samo subjeots at diffcrent
times illustrates the comple: natur: of the biologieal aysten being
HOASUr desessnnce In addition, failure to duplicat: individual ro-



sponse patterns at different times should not cause dismay".

The fact that consistent changes in tests of pulmonary function
have becn demonsirated in this study following the adainistra~
tion of corticosteroids, must be attributcd to careful initial
selcction and rejeotion of paticnts who failcd to meet the strict
eriteria laid down. o paticnt was admitted to the stady whose
clinical history did not suggest that stable airway obstrwtion
was present during the period immediately Iprior t0 hogpitalization
and none werc allowed to complcte the study if the disease showed
evidenee of significant improvement or detorioration during the
first two days of the trisl. Collins et al, (1970) have recon-
tly reported failure %o detect significant improvement in patimnts
with asthuma following intravenous hydrocortisone assessing response
by measureanent of tho P.C.F.Re However, the patients they stud-
ied werc acutely ill, whereas in the present investigation such

patieats were cxelud d.

The different timc-course rosponscs of prednisolonc and hydro-
cortisonc in the subjects studied could perhaps be best ascribed to
the different routcs of zdminstration used and the fact that thesec
two corticosieroids are known to be metabolized at different rates.
Lbesorption of orally administored corticosteroids is thought to occur
by passive diffusion chiefly frou the proximal half of the small ires-
tine since for any given 6oz-ticosteroid, absorption in terms of weight
per unit time ig§ directly proportional to the comcentration, (Schedl,

1965) s One of the earliest indications that adrenocortical hor-
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mones could be absorbed from the intecstines was Osler's report in
1896 of a pationt with Addison's disease who showed signs of im-
provenent aftor oral administration of a2 zlyecrol extract of hog
adrenal glands. Many years later, Freyberg, (1950) first

showed that cortisone is absorbed from the gastro-intestinal tract,
when he described its effectivences in the treatment of rhoumatoid
disease. In contrast with the par:nteral administration of cor—
ticosteroids whose absorption depends on their water solubility,

the rate of absorption of orally administered corticosteroids ap—
pears to be more related to their lipid solubility; since as the
munber of hydroxyl groupe increases, absorption becomes slower.

The pore size in the small intestine is only four A units and the
corticosteroid molecule is thus too big to simply flow through the
pores. It would appear likely that some change must ocour in the
lipoidal surface of the cell membrans in order for the steroid mole-
culc to pass through, (Di Palma,, 1971).

Hean changes in P.L.'eHe following oral prednisolone becanme
statistically significant one hour later than they did when intra-
venous hydrocortisone was administered, However, although it
might be tempting to conclude that this dilfercnee could be solely
ascribed to the elosor absorption of the nrednisolone, dalu is now
available that labsorption and biological activity are not neccessarily
directly related. Indeed, Schedl, (1965), has showm that sometimes
they may be inversely rclated; thus progestcrone, one of the best ab-

sorbed steroids is almost inactive orally, and triamcinolone, which
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is the most poarly absorbed ocupound is quite aotive clinically
when given by the oral route.

The differcnt tines when masimun effect was achioved using the
two corticosteroids and the different duration of aotion is very
probably due $0 their differcnt biological aetivitics and rate of
motabolic breakdown. Collins et al, (1970) reported a plasma
half=-life of 125 - 135 mimtes whon intrevenous hydrocortisone was
administer«d to & musb.r of patisnts with acute asthac, The
plasan 11-0,HeCeSe lovel poached a marimen after 60 mimutes.

Nelsan ot al, (1952) had previously published similar figurcs for
arally adiinister-d hydrocortismec in & nommal subjeoct.  Prode

- nigolone is mowm to b more slovwly raoved from th: ciroulation
“than kyirocortisme.  Its half-life is ou'an average double that
of hydrogortisme in norual subjects (Slawwhite and Sandberg, 19563
Sly et al, 1956 wndberg and Slowmhite, 1957; Mug-at ot al, 1959
Di Palma,, 1971).. It appears likely that it ie tho longer persis-
$su0¢ in the plassa of frec waconjugated, and thercfor: prosuaably
phornacologically acotive, prednisolone which aceounts for its longer
activity. Using isotope labo1l:d prednisolone it bhas be:n found
that all its actebolites ar: exoreted within 48 hours of ite admini-
stratioa.

Theye are soz: couflioting reports about how corticostoroids
are metabclically dealt with in asthmatic patients. Duyer et al,
(1967) found that steroid ireated patieuts with acute asthma achi-ve
a low plasma cortisol respomse to intravenous hydrocortisone. The
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metabolic ol arane: rate of hylrocortisone .us howover norsal in
thase patimnts who had not provicusly r-oeived corticosterodds.
Schwarts <t al, (1968) reported finding a wor: rapid plasua clear-
ane: of hydrooortisune in asthaatio patieats who showed no olindeal
'nm»mzm I$ is not known whether their pati-
onts bad a. significant hepatio or r-nal dysfunction or whether they
wore taking other drugs as w:ll.  Ou the oth:r haad, Colliss eb
al, (1970) in & well controlled trial fail:d to find say statistio-
ally significant differ snc in the handling of intravencus hyirocor-
tizone betweon norsal subjects and asthasntio patients. Jlagma
11-0elisCeSe lovels woro uaa',umrf:e&d by whoth r the asthostie
pati-nts bad be-w r ceiviag corticoutersids or not.

?h;z‘f so-ma 10 bs reasen t0 bolicve thet moue of the biological
.£fc0ts of gorticost-roids repres h indirect rather than dirset
sotioas, (Liddle, 1961) = In gumeral, the pharmoclogical and there-
peutic ff otivoness of a drug is & function of its concontration
wvithin the bedy ot o ghven iwcout. ihis howsver 10 s not uppear
to be the cag: with corticesteroids, vlhere & signdficanl latont
poriod «ists b tuwoen the tim of .. imw conceniration in the plasna
or tissuss and the tise of $heir peek effect (N lson ot a1, 1952).
Thus, although it would be =-pected {roa previous stuli-s that the
aaxdimn gongentration would be achievyd one how. affter the injection
of hyirocertisone, ihe aesn peax effeot in tho eight esthaatie pati-
ents studied ocourred five hon s aft.r the drug had becn aduinist red.
The ben fieinl thorapsutic £ ot of cortioswteroids would appear to
have prreistsd for 5 long tin- Aftar th: plasss lav-la of hwimanan—



159.

tisone would have bren ~xprotcd $0 retwrn to bascline values.

The effects of corticosteroids on tests of pulmonary function
in the asthastic patients studied in the pres-nt investigation appear
to follow a similar tinme course to that of other biological ff.cts
of corticostoroids. Thorn and his co-workers (1953a) roported
thai the nmcotabolic and oliniocal offrets of a gingle dose of intra-
masoular conrtison were evident in thre- to four hours, although
peak activity usually occurred cight to twilv hours aftor the injec-
tion and the ffoctive duration extended o r a period of twenty-four
hours or alightly longer. Renal excretion of ~lectrolytes has been
shown to be definitely affected within two to four hours of the ad-
ainistration of intramuscular, (Fourcann et al, 1952) as well as
intravenous, (Thorn et al, 1953b) desoxycortisone. Fourmann and
his co-voriers found that potaseiun loss in the urine reached a mar-
imza $welve hours after the injection. Hills and his co-work-rs
first noted the fall in the masber of circulating rosinophils fol-
lowing AeCeTeHe, and this soon broame a standard tost for assossing
corticosteroid acttvity. Relson et al, (1952) found the maximn
change in circulating eosinophils four t0 «~ight hours after the ad-
ministration of 200 ag of oral hydroxycorticosteronc, This lag-
god behind peak steroid lsvols by thre- to seven hours. Hrasure-
ments wer: only cariiesd out one, four and eight hours afier the drmug
had beoen given. Cpaey (1972) report-d a marimun eosinopavc eff-
oot ocourring eight hours aft-r the oral adaministration of 200 ng of
hydrocortson: ac-tate.
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Glenn =t al, (1957) studied the offcct of corticosteroids on
the production of liver glycogen on twenty-four hour fasted,adrena-.
lectoniged rats. They found that following the injeetion of 1 ng.
of hydrocortisonc,eitha subcutanecusly or intravenously, the maxismm
effect could be dotected about eight hours later, at a time when there
wvas an insignificant amount of hormone in the blood, The hyper-
glycaemic effect of corticosteroids follows a similar tine course.
Thus West, (1958) reported that 5 mg of oral nethylprednisolone
producod its peak =ffcect -ight hours later, and with the same dosec of
oral prodnisolonc, maximun offcet ocourrced between four and eight
hours aftervards. Walton et al, (1970) described the c«ffuct of
various dosce of methylprodnisolonce on blood glucose in four normal
subjecis. Irrcspective of the dose used the onset of the offect
ocourred between two and four hours; the first glucose cstimation
being performed two hours after the drug had been given. They
found however, that the peak measurable effect was affected by the
anount of steroid given, being greater and on the whole coning later
with inereasing dosage. In general, the peak effect occurred be—
tween si: and ten hours, and the duration was between site.n and
twenty-two hours.

Corticostieroids have now been used in bronchial asthma for
over twoanty years. Carryer and his associates werc the first
t0 use intramscular cortisone in threc patients with asthma in
1950 and intravenous hydrocortisons was first used in this condition

by Burrage and Irwin, (1955), having been uscd in an oral form the



previous y-ar by Schwartz. Prednisolone and prednisone werc
originally introduced by Herzog and his colloagues in 1955.
Thoir therapeutic value in bronchial asthma was demonstrated by
Barach et al, in the same year. Very 1itile¢ however is lnown
vith any certainty of their possible modess a.’ mite of action in
bronchial asthna,

Goth, (1966) put forward the hypothesis that the anti-allergic
effect of corticosteroids is simply another manifestation of their
non-speooific anti-inflammatory action. However, as pointed out
by Aviado and Carrillo, (1970) direct proof of this hypotheosis is
laciding. It has becn suggestod that the anti-allergic action
is achieved by increasing the stability of various ncumbrancs, such
ae thoso of cndothclial and smooth mascle celle and of lysosoues,
as well as possibly reducing ensyme activity, such as that of histi-
dine decarbosylasc (Brocklehurst, 1968). Both prodnisolonc and
hydrocortisone have besn rcported as stabilizing lysosomcs tims re-
tarding the release of inflammatory enzymes both in vitro and the
living cell, (Weismann, 1971).

It has boen suggested that corticosieroids inhibit the forma-
tion of antibodies (Bjorn-bo: et al, 1951; Gabrieclsen and Good, 1967).
In the passively immunized rabbit cortisone does not influence the
lovel of circulating antibodies, however, suppression of formation
of new antibo ies has becn reported in the actively immnized rab—
bit, (Germath ot al, 1951).



The effects of corticosteroids on the metabolism of the lympho-
oyte have been stuliel in.detail, The synthesis of mcleic aecid
and protein is depressed and glucose utilization is decraased.

The thymus loses intracellular potassiun ond gaigns sodium, These
changes are probably scoondary to a more fundaceatal action of core
ticosteroids of which my little is lmown at present. Deepite

the changes in lymphoid tissues (Hechter andJohnson, 1949; Sartisteban
and Dougherty, 1954; Claman, 1972), the corticosteroids do not signi-
ficantly suppress anti-body synthesis in man,although they do so in
animals, (Larson and Tomlinmson, 1951). Haffman and Ellis, (1969)
immnized asthmatic children with diphthorie and tetamus toxoid and
typhoid/peratyphoid and influensa veccinos. Assays wer: performed
for spcecific anti-body responses. They showed that corticosteroids
did not interferc with the synthesis of circulating anti-body.

Inhibition of the formation or storage of ‘hiﬂtamina has also
been roported, (Carrillo and Aviado, 1968). Cortisone strongly
inhibite the rate of histamine binding in the rat skin (Schayer et
al, 1954) and the formation of histamine in lung tissuc, (Gefland, 1951
Beall, 1965). Noah and Brand, (1957) found marked falls ia blood
histanine levels in asthmatic patients who were given therapeutic
doses of prednisolone. However, the mcthod then cuployod for
estinating histamine levels was rather inaccuratc. liore recontly
Konoshita, (1963) has reported that high blood histamine levols en-
countered in status asthmaticus decreased to normal levels in 4 out
of G patients, who were given corticosteroids. Pepys, (BT1)

suggested that corticosteroids would block *inducible histamine?
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produc-d by histidine decarboxylase. The restoration of hista-
mine to tissucs which have been depleted of it is ther<by delayed.

Corticosteroids could also scnsitize the /3 receptors in the
airways, thus lower the recoptor-threshold 4o the action of catecho-
laaines. The adrenal glucocorticoida seem to act with catechola-
mines as a functional unit. It has been established that in the
abscace of these steroids the receptorwthreshold for catecholamines
may be clevated, at tisesto the point of complete unresponsivencss

(Ramey and Geldstein), 1957).

Suggestions for other possiblc mechanisms have include:d a
dircet relasant action on smooth musels, Lefeoe, (1956) reportad
that hydrocortisone added to an isolated cr@.ﬁ bath produced relax-
ation of guinea-pig tracheal muscle,  Cinelli ot al, (1964)
showed that cortisone diminished the response to acetylcholine,
and hence inhibition of acetylcholine induccd bronchocormtriction
could be yct another way in which corticosteroids might act.

Aviaeda and Carrillo, (1970) basing their studies on sensitized
and non-gensitized animals, concluded that the two most important
mochanisns appoar 0 be the inhibition of formation or storag: of
histanine and a direct action of corticostcroids on brouchial smooth
mscla. They showed that in rats the action of corticosteroids
coansists not only of relamation but also of a roduction in the re-~

activity of the airways to ocigarette smokc (Aviado and Carrillo,
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1969) . However, they failed t6 roproduce similar local effects
in doge (Carrillo and Aviado, 1970). This emphasizes that oor-
ticosteroids probably have different modes of aotion in various
species, underlines ths nced for great carc when extrapolating
from the animal experiment to the buman situation.

Btudies have rccently becn carried out on the effect of cor-
ticosteroids on two leucocytc membrane cnzymes, lcucocyte adenyl
cyclase and adenosine iriphosphatase, of normal and asthmatic chil-
dren, (Coffey et aly 1972). It was found that adenosine tripho-
sphatase activity was increased in asthmatic patimnts and that this in-
crease was reversod when corticosteroids wore administered. Hydro-
cortison: was found to stimulate adenyl cyclase and inhibit both
adcnosinc triphosphatase and phosphodicsterase. Coffey <t al,
suggest four possible mechanisms for the action of corticostoroids
in asthnaj dircot simalation of adenyl cyclasc, rostoration of re—
sponsivences of adenylcyclas: $0 catccholamines which was found to
be decreased in asthmatis patients, inhibition of adenceins triphos—

phatase activity and inhibition of phosphodiesterasc.

Not anly is the site and mode of action of corticosteroids in
bronghial asthna unknown, but there is also uncertainty as to the
exact zite of airway obsiruction in paticuts with bronchial asthma
(tacklen, 1971). Hogg <t al, (1568, 1970) have shown at post-
mortenm examination that the major site of obstruction in lungs with
bronchitis and emphyscma, as well as in those with bronchiolitis,
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pulmonary complications of fibrocystic disease, and bronchiectasis,
was in bronchioles 2 mm in diameter and less. No mention is

made of asthmatic lungs in their studies, Campbell, Martin and
Riley, (1957), based their work on a mathcmatical analysis of the
factors tending to open and close the airways during a forced ex-
piration. They measured the intrathoracic pressure at which maxi-
mum ~xpiratory flow occurs by means of an oesophageal balloon and con-
cluded that critical narrowing first occurs in the large airways in
asthma. There has recently been some confirmation of Campbell's
findings by Cayrard (1968). Crofton and Douglas, (1969) remark
that bronchoscopy do:s not suggrest any crude variation in broncho-
constriction among the large bronchi in the asthmatic patients they

have studied.

Although it has yet to be proved possible to determine the
precise location of the narrowing that ocours during a spontancous
or provoked attack of asthma, some indication can be obtained from
the changes that take place in mechanical function. A number
of workers have shown that in asymptomatic patients, the distribu-
tion of ventilation remains uneven despitc the fact that tests such
as the mcasurement of Raw and FEV, arc normal (McFadden and Lyons,
1969; Woolcock et al, 1969; Levine ot al, 1970). They assuned
that this was due to regional differences in time constants of small
lung units and indicated residual abnormality in the small airways.
Hoolcock et al, (1969) regard the small airways in adult lungs as a

"silent zone", in that obstruction within them causes 1little abnor-



166.

mality in tests which are specifically designed to detect it until
the d:gree of obstruction is quite advanced. It is now accepted
that changes in Raw reflect predominantly changes in large airways
(Green, 1964), whereas the FiV, is determined mainly by the elastic
recoil of the lung and the resistance of the airways upstream from

the equal pressure point, (Macklem and Mead, 1967).

MoFadden and Lyons, (1969) measured the resistance of airways
during forced expirat;onﬂ upstream and downstrecam from equal pres-
sure points, (lcad ot al, 1967)eembinirg the equal pressure point
concept with measuremcnts of isovolume pressure-flow curves, in
asthmatics during recovery from acute attacks. Downstream re-
sistance was measurcd at the point that flow limitation was reached.
They found that both upstrcam and downstream resistances were in-
creased, indicating that both large and small airways are involved.
However, their data showed that the principle area of obstruction
appeared to bes in the upstream pathways; i.e. from alveoli to the
equal pressure points. Peripheral airway obstruction may cause
equal pressure points to be displaced upstream (Macklem et al, 1965),
with the result that downstream reosistance is increcas~d beccause the
downstrean segment is lengthened and not because there is intrinsic
abnormalitics in the segment, (Mackls=m, 1971). Cads et al, (1971)
studying lung mechanics during provocation of asthma with metacholine
showed that both the larger as well as the smaller airways were in-
volved, but the response of the larger airways was faster and of a

shorter duration than the response of th: smaller airways. The
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charactoristic finding of plugging of the smaller airways by viseid
plugs of micus in lungs of patients dying in steftua' asthmaticus
(Spencer, 194%; Dunnill, 1971), indieates that in the mor- prolong-d
and 8 vere type of asthma it must also be assuned that nany bronc. 1

0l:s ar- obstruect-d.

There is th-refor: probably mor: than one site of airmeay
obstruction. Thus there is evidenee that in remission consid r-
abl obstruction mny be pres nt in p riphernl Himmys, (MeFadl n and
Lyong 1949; Wooleocl: + al, 1969; Levin: ¢t »l, 1970), whereas, during
an acute attacic there is brono}lograph.ic wridence that odntral airmmys
are narrowod (Dulfano and Hew tson, 1066; Dpst in -t al, 1949).

The r:lative contribution thﬁt the larg r and the smaller airways
mak , cith r singly or in combination, to the obstruction of the flow
of air in the various stiges of asthma romains to b- deternin 4.
Although, the present stuly throws very littl: light on the mods of
action of corticosteroids in asthma, th resulis indieat- that ob-
struction was pres nt both in the larger airwmys as shorm by a marked
roduction in SGaw and M,B.FRey vhieh ar thought to rofleect mainly
uppsr airway ochangcs, as w'll as in th- peripheral sirways as showm
by the changes in M,/1,FRey, a test, most determnin.d by th smell »
airways. Tho improven nt is obvious from th ma imun flow wolume
curves plotted against o re ntase of vitel ewpteity (Pir. 21 = 23),
How ver, the changes of flow rat- at the actual vital capacity ar
larger than this repres ntation on~- sts. When the sam 2o immua

o piratory flow volum: curvcs ar: plott 4 against an absolut volume
scal , vhich shows the decrease in TLC and RV aft r treatnent (Fig.

24, 25 and 25, )the d-gr-e of improvement that has ocourred is



1%.

even greater. Such a representation is also more accurate
physiologically. As no volume displacement body plethysmo-
graph was available absolute lung volumes were obtained from sep-
arate mcasurements of helium dilution methods as suggested by (Bou-
}‘mys et al, 1969). As can be scen from figurcs 24 - 26,

parts of the lung which contributed little or nothing to flow be-
fore treatmont made significant contributions after the prednisolone

have becn given.

Although the Vig of the asthmatics studi-d was signficantly
greater than the F.R.C. measured by closcd circuit helium dilution,
the differcnce betwern the two mcasurements was not very big.

There have becn a rmumber of studies in which lung volumes in asth-
matic patients have been measured by both methods, (Meisner and
Hugh Jones, 1968; Herzog et al, 1968; Corbeel, 1968; Woolcock ot
al, 1971). Thesc have in-general shown marked differences be-
tween the two methods. ™ patients on which these measurcments
werc carricd out had however acute asthma or asthma of a much more
severe degree than that of the patients presented in this study.
Woolecock et al, (1971) have sugg-stcd that the differcnccs obtained
betwe:n plethysmographic measur-ments and those obtained by helium
dilution, probably decpend on the development of non-commnicating
regions in asthma. In the present investigation, grcat car- was
taken to ensure that dilution of the helium was complete, by asking
the patients to perform threc relaxcd vital capagity manoecuvres be-

fore the final helium reading was talen. Studies coaparing
plethysmographic with prolonged gas dilution methods of measuring
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lung volumes have shown good agreement in patients with chronie
airway obstruction (Tierncy and Nadel, 1962; hoss et al; 1961).
Thus in Tiermey and Nadel's work the mean differences between Vig
and FeReCe in a mnber of emphysematous patients was 990 ml when
the open circuit Nz dilution method for messuring F.R.C. was per-
formed over seven mimites, but fell to 130 ml when this was prolon-
ged to between twelve and eighteen mimutcs, This bears out
Bedell's (1956) original suggestion that ges dilution methods, un-
less prolonged do not acourately measure the lung volume in some

patients with chronic airway obstruction.

Throughout the group of patients studied in the present in-
vestigation the changes produced by the administration of cortico-
steroids on body plethysmographic measurements and flow volume
Soh Mees GaMI Rats 16 VNERD Sl Bagrus itk Shodd ‘eclinced in
the FEHLI and P.E.J.Re - Although P.B.F.R. is an effort dependent
manosuvre, prescnt results demonstrate that it is am sensitive an
index of change as the mors complicated measurcments, provided the
full co-operation of the paticnt in producing a maximal effort is
ensured on cach occasion.

The administration of prednisolone rcsulted in a consistent
and significant improvement in Pad,, (A—a)D02 and venous admixture
effoet, There was no significant correlation between Pa02 and
airway obstruction as measurcd by the FE'V,‘, Po.LsF'eRe Or SGaw.

A similar lack of correclation has becn found by Rees, Millar and
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Nonald (1968) in their study of patiente in status asthmaticus and
by Shibel and Hoser (1970) in pationts with chronic airway obatruc-
tion. Alveolar ventilation showed no significant change.

The w-mvﬂrmm small or nogligible in all
patients studied. In = study of chronic asthmatic patients
treated with isoprenaline and aminophylline, Tai and Read, (1967)
report-d a similar lack of change in V,/V, ratio, despite a marked
difference in (A-a.)mz. They claimed that in these particular
circunstances, (.aa--e:)'.f)o2 is o more- scasitive index of change in ven-
tilation-perfusion distribution.

Two of the patients, (H.¥. and J.8,) atteined normal Pad,
values despite spirometric and plethysaographic evidence of persis-
ting sirway obetruction. Similar findinge have been reported by
¥alabh ji(1968) and Stancscu and Teculoseu (1970) in some of the asth-
matic patients they studi.d. Fuleihan and his eo-work-rs (1967)
studying chronic bronchitie patients who had been treatod with betae
nethasone found significant improvement in Paoz and venous admi -~
ture «ffect with no change in FPN1 and alveolar ventilation.

Such an improvement inPaoz is probably due to a more uniform dis-
tribution of vemtilation in reolation to perfusion.

It is to be hoped that this work is not merely an intcrest—
ing physiological evcreise but that it may also have some important
clinical comnotations and perhaps contribut: in a small way to the
managencnt of a discase which Thomas Willis (1677) described as

"Agthma morbus maxime terribilis”.



171.

Bibliographys

(2)

1.

2.

3s

4.

Se

e

Te

8.

e

10.

1.

12,

Introduction

Anerican Thoracic S::ciaty, (19&). Amer., Rev. resp. Dii.,
85: T62.

Aretasus the Cappadocian, The Extant Words of, ed. and trans.
by Francis Adams. p.315, Lond, Sydenhag Society, 1856.

Ciba Cuest Symposiun (1959) Thorax, 14: 286.

Goll:lnl, JeM,, HoDevitt, D.0., Sm' R.,Cs and Swanton, Jele
(1969) Br. J. tho. 363 35.

Conolly, MeEey Davies, D,S5,, Dollery, C.T. and George, C.F.
(1971) Br, J. Pharmac., 43: 389.

Cullen, W. (1784) Practioce of Physic, fourth ed; Idinburgh,
p- 387.

Ehrlich, P. (1879) Arch, Anat. Physiol. (Liepzig) 3: 571.
Floyer, Sir John (1698) Treatise on Asthma (London)

Fraser, P.M., Speizer, F.E., Waters, S.Dele, Doll, R, and Mamn,

M. (1971) Brit. J. Dis. Chest., 65: T1.
Greenberg, M.J. and Pines, A. (1967) Brit. Med, J., 13 563.

Van Helmont, JeB. (1662) Oriatrike or Physick Refined,
Lond, Lodowick Lloyd, p. 356.

Van Helmont, J«B., quoted in System der Medicine. Trans. by
Smisﬂl G-A. Fr&nkfurt. 18400 Da 1960



13.

4.
15.

16.

17.

18

19.

21.

22,

23.

25

(3)
(1)

172

Huber, H.L. and Koessler, K.K. (1922) Arch, intern. Med.,
w‘l 689.

Inman, WeH.We and Adelstein, AL (1969)  Lancet ii: 279.
Imt' M. (1&2) Mo Rend, heb. des. 30-, 15s 500.

Osler, We (1947) Principles and Proctice of Medicine,
16th ed., edited by Christian, H.A., New York and London, p.817.

Pendreigh, DM, (1968) Health Bulletin,, Vol. xxvi: 44.
Salter, H.H, (1868) On Asthma, 2nd ed., London, p.24.
Scadding, J«G. (1969) Brit. med. J., 3t 166.

Speizer, FeEey Doll, R, and Heaf, P.J«Ds (1968, a) Brit.
med. J.' 1: 335. i

Speiser, F.B5., Doll, R., Heaf, PuJ.Ds and Strang, L.B. (1968 b)
Brit. med. J.g 1t 339,

Spencer, H. (1968) Pathology of the Lung, 2nd edit.
Pergamon Press., p. T15.

Troussesu, cquoted by Darle, B.V. (1953) Thorax., f& 195.

¥illis, T. (1677) Practice of Physick, Pharmaceutices Rati-

onalis or the Operations of Medicines in Humane Bodies, part II,
ps T8 - 85,

Working Group an the Definition of Asthma (1971) Iientifica-
tion of Asthma., Cida Foundation Study Group No. 38., p. 174.

The aetio}m E Ehmaia of ut%

He fact »



26a

27.

28,

33.

34.

35

36,

37.

38.

394

173.

Cooke, ReAs and Van der Veer, A. (1916) Je Immmnol., 1z 201,

Frankland, A.We (1968) in Clinical Aspects of Immmology ed.
Gell, P.G.H, and Coombs, ReReAs 2nd ed, Blaclkwell Sciemtific
Publications p. 635.

Leigh, D. and Marley, 2. (1967) Bronchial Asthma: o
Genetic, Population ani Psychiatric Study, Oxford, Pergamon
Press.

Rajim, Ge (1960) Acta derrat. venerol,, 40: 285,

Ratner, B. and Silberman, D.Z. (1953) J. Allergy, 24: 371.
Schnyder, U,iHe (1960) Int. Are. Allergy (Suppl.) 17.
Sehwartz, M. (1952) Acta allerg. Kbh., 5, Suppl. II.

Williams, 5,0, and Willianms, @.E2.0. (1949) Brit. med. J.,
23 m. .

Assen, B,5,K, and MoAllen, M,K, (1970) Brit. med. J.,
23 504-

Asseny D.0.Key Turner-iamrick, li,, Cole, P and Shaw, K.l
(1971) Clin. Allergy; 1: 353.

COG&" l&o "-- mm, EG?. (1926) J. Iml.’ 10: 445‘

Crofton, J. =nd Deaglas, A. (1969) Respiratory Diseases,
Blackwell Soientific Publications., O=ford and ™inburgzh,

Gell, P.G.,H. and Coombs, ReR.A. (1968) Clinieal aspects
of Immmnology, Blaclasell Scientific Publications, 2nd ed.

Hall, R., Turner-Warwick, M, and Doniach,D. (1966) Je



40,

4

43

44

45+

47.

494

504

1.

53

174+

Clin, exp. Immmnol,, 1: 285.

Ishagake, K. and Ishizaka, 7. and Hornbrook, Mels (1966)
Je Immunoley 97: 840.

Ishizaka, K. and Ishizaka, T. (1970) Je. ¢lin, exp.
m.. 63 25.

Johansson, S.G.0s (P6T) Lancet., ii: 951.
Pepys, Je (1967) J« roy. Coll, Phyons., Lond., 21 42,

Pepys, J., Hargreave, F.is, Chan, M. and MNoCarthy, D.S.
(1968) Lancete, ii: 134,

Pepys, J., Hargreave, F.i., Longbottom, J.L. and Faux, J.
(1969) Lanoet., iis 1181,

Pepys, Jey (1970) in Disodiun Cromoglycate in Allergic
Arways Di.na_m, ed. Pepys, J. and Prankland, A.U,, Butter-
worths., D. 8.

w. Jt’ (1912) Brit, J. Hodp, %hd., T 7090
Rackemann, F.ls (1947) Amer, J. Hod., 3: 601,
Sterling, G.M. (1967) Thorax., 228 533.

Turner Warwick, M. and Haslam, P. (1970) Clin, exp.
MIQ. TI 31.

Turner Warwick, M. (1971) Brit. J, Dis. Chest., &5: 1.

Voorhorst, R., Spieckema-Boogeman, M.I.A. and Spieksma, F,
The M, (1964) Allerg. Asthma. (Liepzig)., 10: 329,

Stenius, B., Seymour, Vi, and Wide, L. (1972) Clin,



35

56

3T

39

61

624

63e

65

175

Allergy; cuoted by Pepys, J. (1972), Brit. J. Hosp.
Nod.y T3 TO9.

Wide, Le, Benmich, H. and Johansson, SeGeOe (1967)
Imf-. u:1105.

World Health Organisation (1968) Bull, Wid. Hlth, Org.
38,

Abe. K.y Vatannbe, NJ, Fumagai, Ng, MHouri, T., Sikd, T.
and Yoskinaga, K. (1967) Ixperientia., 23: 626.

Anggepd, T. (1965) Biochem, Pharmacol., 14: 1507.

Assenm, E.S.Ke and Schild, H,0. (1968) Brit. med, J.,
3 272.

Austen, K7, (1971) in Immmological Diseases, ed. Saster, .
Little, Browm and Company, Boston. Vol. I, p« 343.

Barger, G. and Dale, H,H. (1910) J. Physiol. (Lond).,

- 403 38,

Bartosch, R., Peldberg, Y, and Hegel, E. (1932) Pfugers
Arch, Physiol., 230: 129.

Boall, Gelle (i963) Je nlargy., 34: 8.

Benacerraf, B. (1968) in Immnopharmacology, od. Schild, H.O.
Perganon, Oxford., p.3.

Bergstrom, S., Ryhage, R., Samwelsson, B. and Sjovall, J.
(1962) Acta chemica Seandinavica., 16: 501.

Brocklehurst, WeBe (1960) J. Physiol., (Lond)., 151: 416.



176

66.  Brocklehurst, W,S, and Lahiri, S.C. (1962) Je Physiol.
(Lomd)., 160: 15 - 16P,

67«  Brockleburst, WelZe (1968) in Clinical aspects of Immnology,
ede by Gell, P.G.ll aad Coonbe, Reledey Blackwell Scientific

miﬂtill'&' lkiw e"i‘-o, P 611.

68.  Brooklelmrst, WeSs (1970) in Advances in Drug Research, ed.
Harper, WeJ. and Simmonds, A.B. Vol. 5, p. 109,

69.  Coca, AJPs (1923) J. Immnol,, 8¢ 163.

70.  Cuthbert, M.P. (1969)  Brit. med. J., 4t T23.

71.  Cuthbert, M,F. (1971) Proc. Roy. Soc. led., 643 15.

72.  Dale, H.H, and Laidlaw, PoPs (1911)  J. Physiol., 41: 318,

73 Bggels, P.H. and Nelemans, F.A. (1967) Alergie und
m.. "' 1.

74.  Hadcins, D.F, and Mongor, J.L. (19564) Brit, med. J.,
23 13940

75:  Hodquist, P., Holmgren, A. and lathe, A.de (1971) Acta
Physiol. Scand., 823 29A,

76.  Herrheimer, H. and Stresemann, B, (1963) J. Physiol.
(Lond),165: 78.

77.  Herrheimer, H. (1967) J. Physiol, (lomd), 190: 41P.
78.  Horton, H.W. (1969) Physiological Reviews., 49: 122,
79. Ishisaka, X, and Ishisaka, T. (1967) Jo Immmnol., 99: 1187,

80, Jimenez ~ Diaz, C., Arjona, E. and Perianes, CeJ. (1955).



177

Itt. Arch. Mlm and Appo Im-' 62 243.
81,  Jonasson, O. and Becker, BeLe (1966) Js oxp. lod.,
123 509.

82,  Kmrin, S.MM,, Sandler, M, and Williams, E.D. (1967)
Brit. J. Pharmacol, m.. 31: 340,

83. Kats, G. and Cohen, S, (1941)  J. Amer. med. Ass.,
1M7: 1782,

84.  Kay, AeBs and Austen, K. (1971) Je Immmol,, 107:
899,

85. Kellaway, C.HeAs and Trethewie, BeRe (1940) Qe Jo

T 8XPe MOL. 301 121.
86. Konoshita, Ke (1963) Acta Poed,. J'ap., 5 28,

87. lichtenstein, L.M,, Henmey, CeS. and Bourne, HeRe (1971)
Je. Allergy Clin, Dmmmol. 49: 87,

88, Parish, W.B, (1967) Mature, 215: 738.

89. Porter, J.Fs and Mitchell, R.F. (1970) Clin. Sei.,
38: 135.%

90, Piper, P.J. and Vane, JeRe (1969) Hature, 223

91. Piper, PoJ. and Vane, JoRe (1969) in Prostaglandins, Pep-
tides and Amines, ed. wm P. and Horton, E.ls
Acadenic Pm' Iﬂtﬁm.. ppe 15 - 19.

92. Schild, HeOes, Hawkins, D.F., Hongar, J.L. and Herrheinmer,
He (1951) Lancet, ii: 376.

g3,  Sweatmmn, MIAF an TTier, M5 (190 Iotaws, Y @8-



(iv)

94«
95

96

7.

28,

100.

101.

102,

103.

104.

1052

106,

180,

mquiﬂt. RePe (1948) Amer, J. HWBi.Ol.' 153l 586.
Belleau, B. (1967) Amn, NeYe Acad. Sci., 139: 580,

Besterman, D.M.), and Priedlander, D.H. (1965) Post—
gred. Med. J., 412 526,

Bianco, S., Griffin, J.R., Kanburoff, P.L. and Prime, FeJ.
(1972) Brit. J. Dis,. m' 66t 21,

Birmingham, A.T. and Sgolcsanyi, J. (1965) Je Pharn,
Pharmacol., 17: 449.

Bouhuys, A., Jonsson, R., Lichtneckert, S.5., Ludgren, C.,
Lunden, G. and Ringquist, T«R. (1960) Clin. Scie, 193 79

Brovmlee, G. (1966) Angiology, 17: 186,

Cabesas, GeAe, Graf, PeDe and Madel, Jode (1971)  J. Appl.
Physiol., 31: 651.

Cade, JoFe and Pain, M,CeFe (1971) Aust. NeZe Jo Med,,

1: 22,
Cade, JeFs and Pain, M,CePs (1971) Lancet, ii: 186.

Castro de la Mata, R., Perma, M. and Aviado, D.M. (1962)
J. Pharmacol., Exptl. Therap., 135: 197.

Curry, JeJs (1946) J. clin. Invest., 25: 785.

Dowell, RsCe, Kerr, J. W, and Park, Ved. (1966) Je
Allergy., 38, 290,



107.

108.

109.

110.

1.

112,

113.

114.

115,

116.

17.

118,

181,

Te V!‘ieﬁ, K., Gm’ J.Tl' MJM' He and 01'10, HoGolle
(1962) Int. Arch, ul‘m.' 20: 93,

Oppinger, H, and Hess, L. (1917) Vagotaonia, A
(lindeal study in vegetetive neurology; 2nd ed. New York,
Hervous and MNedital Diseases.

Sveritt, BeJe and Cairmcross, K.De (1969) Je Pharnm,
and Pharmacol., 213 97.

Fishel, C.W., Szentivanju, A. and Talmage, D.We (1962)
Je Immol-, 59' 8.

Fleisch, J.H., Maling, H.M, and Brodie, B.3B. (1570)
Amer. J. malo, 218 597«

Poster, R.4e (1966) J. Pharm, Pharmacol., 18: 1.

Gaddie, J.y Logze, JeSe, Potrie, G. and Palmer, K.H.V.
(1972) Brit. J. Dis. Chest., 66t 141.

Goodman, L.S. and Gilman, A. (1970) The Pharmacological
Basis of Therapeutics, 4th od., New York., Macmillan, pp.
552 and 626,

Govindarej, M, and Kﬂl‘!’. Jelle (1968) Socot, mod, J.,
13! 221.

Grieco, M.H. (1970)  Bull, W.Y. Acad, led., 461 597.

Grieco, M.He and Pierson, R.N., (1971) J. Allergy.
Clin. Immol.. 483 143,

Giurgis, H.M, and Melleill, R.5. (1969) Thorax., 24: 613.



112,

120.

121.
122,

123.

124.

125,

126.

127.

128.

129.

130.

131.

132,

182,

Korr, JeWs, Govindaraj, ). and Patel, K.Rs (1970) Brit.
mad. Jn. 2: 139,

Lands, Aelley Arnold, Ad., MHoiunleff, JePsy luducna, FePs and
Brown, TeG. (1967) Bature, 214, 597.

Langer, I. (1,57) Je m‘lo. 190: 41.
Imu| PeCe and M”. Iatis (1947) Sﬂim, 105: 317.

MagDonald, A.8., Ingram, Ce.0, and McNeill, ReS. (1967)
Br. Jo MO' 39’ 919'

Hakino, S. (19’66) Je Allergye, 38: 127,

Mathe, A.Asy Astrom, A and Persson, W.A. (1971) J. Pharn,
Pharmac., 237 905.

Meleill, ReS. (1964) Lancet, ii: 1101.

Moleill, R.S. and Ingram, CeG. (1966) Amer, J. Cardiol.,
18 473

Parfonjev, I.A. and Goodline, MeAs (1948) Jo Pharmacol.
and 3‘?- m., 921 411.

Parker, CeDes, Bilbo, R.E. ;xd Read, CeBe (1965) Arch,
intera. Hed., 115: 452.

Richardson, P.S. and Stirling, G.M. (1969) Brit. med, J.,
3t 143.

Robism, CeAs, Butcher, R.W, and Sutherland, T.W. (1967)
Amn, N, Y. Acad, 801.' 139' 703.

Sutherland, D.H. and Rall, TeW. (1960) Pharmacol. RevVe,



183.

125 265,

133. Sutherland, E.We, Rall, ToW, and Menon, T. (1962)  J.
Biol, Chem., 237¢ 1220,

134. Sutherland, B,W,, Robison, G.A. and Butober, R.W. (1968)
Gtro., 37' m.

135, &m‘w. A (’968) Je mmo' 42: 203.

136. Veiss, 5-. im’ GePe and Blumganrt, HeCe (1929) Aner.
Hesxt Jm.. 4z 664.

137. Williams, HeL. (1950) Trans. Amer, Acad. Opthal,
Otolaryng., 55¢ 123,

138, Zaid, G. and Beall, G.Ne (1966)  New Ing. J. Med.,
275 580.

139. Brown, Def., Casewell, M.C. and Quilliam, JPs (1966) in
Recent Advances in the Pharmacology of Toxins, ed. W,
Remdonat, New York, Macmillan.

140, Cooke, Rele (1947) in Allergy in Theory and Practice.,
VeBs Saunders Co., Philadelphia, p. 151.

141, Davis, R.B,, Bailey, W.L, and Hansan, H.P, (1963) Aner,
Je Mﬂt' 205! 260,

142. Dekker, E. and croeu, Je (1956) J. Poychosomatic Research.,
1: 580

143, Hajos, M.K. (1963) Allergie u. Asthon., 9: 94.

144, Hampton, S.F., Johnson, #.C. and Galalntos, 2. (1963)
J. Allerev.. W A3,



146

147

149

150

151

154

(¢)

156

157

158

184.

Hippocrates quoted by Cohen, S.I, (1971) Postgrad. led,
Jay 47: 533.

Luparello, T.J., Lyons, H,A,, Blecker, E,Rs and Kclfadden,
EsRe Jr. (1968) Psychosomatic Med., 30: 819.

Inparello, T.J., Leist, N., Lourie, C. H, and Sweet, P. (1970)
Pesychosomatic led., 32: 509.

Mcladden, E.Re Jr., luparello, T.J. Lyons, H,A, and Bleeker,
BeRe (1949) Psychosonatic Med., 31: 124.

mﬁhmaa' I’-’:.T.' B@Oklm, M..R.' %) I:lem’ P.T. and I"ICGI'e;::Or'
M. (1964) J. Appl. Physiol., 19: T745.

Ovellette, J«J. and Reed, CeBs (1965)  J. Allergy.,36: 558.

Parker, CoDs, Bilbo, R.Be, and Reed, C.E, (1965)  Arch, int,.

Med., 115: 452.
Rees, L, (1957) Hospi#rl Medicine, 1: 1101,

Swentivanji, 4. (1971) in Immmological Diseases cd. Samter,

Iii.' Little' Brw.il a;ﬂil CD., BOB'EOR- p. 353.

Zaallay, AKe Aitken, ReCeBs and Rosenthal, S.V. Scot. med,

Je 15' 102,

The a’tholo& of bronchial asthma.

Archer, R.X., (1953) The Rosinophil Leuncoeytes. Blackwell,

Oxford.

Callarame, M,De, Condemi, J.Js, Bohrod, M,D, and Vaughan, J.H,
(1959) J. Allergy., 43: 155.
Nar3=11 B, (1084)  Tnt, Aveh, Allersy,, O 189,

Comell, J,T (1971) J. Amer., Med, Ass., 215t 759,



159.
160.

161,

162,

163,

164.
165.

166,

167.

163,

169,

170.

171

173

174.

185,

Curschmamm, H, (1883) Dish, Areh, klin, Med,, 32: 1,
w. lete (19&) Je« elin, Path., 13: 27.

Dunnill, M.8. Massarlla, GeRe and Anderson, JeAe (1969)
Thorax, 241 176.

Dunnill, HeSe. (1971) Identification of asthma, Ciba
Poundation Study Group No.38, p. 35.

Ployer, Sir John (18598) Treatise on Asthma, Lonion,.,
Ds 15. -

Gough, Je (1955) Lanocet, i: 161,
Olymn, A.A. and Michaels, L. (1960)  Thorax, 15: 142.

Hansinger, R.¥W. Jr., Silverstein, D, and Van Arsdel, P.P, Jr.
(1972) - J. Allergy Qlin, Immmnol., 49: 142.

Hilding, A. (1932) Amer. J. Phymiol., 100: 664.

Huber, H.L. aad Koessler, KeKe (1922) Arch. intern.
Ned., 30: 689.

Eahlson, G. and Rosengren, %. (1971) Birgenesis and
Physiology of Histamine. ZHdward Arnold Ltd., London. p. 284.

Loyden, =, (1872) Virchows Arch, f. path. Anat., 54: 324.
Mota, I. (1963) Ann, WeY. Acad. Sei., 103: 224.

lcCarter, J. H, and Vasquesz, JoJ. (1966) Arch, Pathe,
82: 3280

Naylor,B. (1962) Thorax, 17: 69.

Rose, B, and Radermecker, M, (1971) in Immmological Disecses



175
176.
177.
178

180.

181.

182,

(2)

183,

184.

185.

186,

167,

186.

ed, M, Samter., little, Brown and Company, Bostan, Vol,II,
Pe 859.

Salvato, G. (1959)  Experientia, 15: 308,
Salvato, G. - (1963) Acta. allerg. (Ibh)., 18: 529.

Salvato, O (1968) Thorax, 231 168,

. Saneridn, H.G. and Dvans, DelleDe (1965) J. Path, Bact.

89t 535.

Spencer, . (1963) Pathology of the lung. 2md ed.,
Perganon Press. p. 717.

Welsh, ReAs and Goer, JoCe (1959) Amer. J. Path.,
35: 103.

Weat, GsB, (1959) J. Pharn. Pharmacol., 11: 513.

Altounyan, ReB.Ce (1964) Thorax., 19¢ 406,

m' A.. Jm' Rc' IAchtmaclmr‘t, S.. Lin‘lell, Soﬁc'
and Landgren, C. (1959). Aota Physiol. Pharmacol., Neerl,
8 437.

Bouwlg/s, Ae and van de Woestijne, K.P. (1971) J. Appl.
Ph}"ﬂiﬂl.’ 301 670-

Chamberlain, Delde, Muir, DsC.Fs and Hommedy, K.P. (1962)
imt' iis 1019.

Collicr, HeOuJe (1968) Seientific Basis of ledicine,



187,

Annual Reviews. London. Athlone Press., p.308-335,

188, Douglas,A,,Simpson,D,,Merchant,S,,Crompton,G.and Crof-

ton,J. (1966), Amer. Rev. Resp. Dis., 93: 693.
189. Du Bois de NMontreynaud J.,M. (1950). Ann. med., 51:712,
190, = Dunnill,M.S. (1960) J. Clin, Path., 13: 27.

191, Dunnill,M.S., Massarella, G.R and Anderson J.A. (1969)
Thorax., 24: 176.

192, Frankland A.We (1968). in Clinical Aspects of Immun-
ology ed by Gell P.,G.H. and R.R.As Coombs, 2nd ed., Black-

well Scientific Publications., p. 654.

193. Hafez, F.F. and Crompton, G.K. (1968). Brit.J. Dis.
Chest,., 622 41.

194, Herxzheimer, He (1959)s Brit. med. J., 21 167.

195. Holden, W.S. and Ardran, G.M, (1957) Je Face. Radiol.
(Lond)., 8: 267.

196, Huckert, G. (1913). Die. Muskulatur des Bronchialbaumes.

Inaug. Diss, larburg.

197+ Laennec, R.T.H. (1826), Traite de 1 Auscultation Mediate.,
Vol 11, p. T78.

198, Iunden, G. (1959). Acta Physiol Pharmacol. Neerl., 8: 437.

199. Macklem, P,T. (1971). Physiol. Revs., 51: 368.



200,

201,

203,

205,

206,

210.

211.

212,

188,

Macklin, CeCe (1929) Physiol. Revs., 9 1.

Macklin, CeCe (1932) Amer, Rev. Tuberc., 25: 393.
Miller, W.Se (1921). Amer, Rev. Tuberc., 5: 689.
Hevhousey MiT,, Becklake, M.R., Macklem, P,T, and McGregor,
M. (1964). Jo Appl. Physiol., 19: T45.

Olsen, CesR., Stevens, A.E., and MeIlroy, MeB. (1967).

Je Appl. Physiols, 23t 27.

Pirnay, P., Damoiseau, J., and Petit, J.M. (1964).

Int. Ze angew. Physiol., 20: 420,

Radford, Z.P. JR. and Lefcoe, N.le (1955). Amer. J. Physio-
1.' 1&‘! 479-

Reisseisen, Fi4De (1822), Ueber den Bau der Lungen.
Berlin: Rucker.

Rosa, Lelle, 2nd lNoBlowall, ReJeS. (1951). Acta allerg.,
ive 293, |

Schild, H.Osy Hawkins, D,P., Honger, Je.lLs, and Herxheinmer,
He (1951). Lanoet., ii: 261,

Somlyo, A.P, and Somlyo, A.V. (1970). in, AMrways

Dynamios. Physiology and Pharmacology ed. A. Bouhuys., CeCe
Thomas Publisher., p. 209.

Sterling, G.). (1968). Clin, Sei., 35: 105.

Takizawa, T. and Thurlbeck, WM. (1971). Anmer, Rev.

Resp. Dis., 104: 331.



189.

213. Tolat, C. (1888), Lohrbuch der Gewebelehre, Stuttgart.
214. vmiﬂl'. Ps (1"9)0 liom, Soc. RQ. m-, 392,
215. liddicoubo, JeGe (1963). Physiole Hevee, 43: 1.

216, Viddicoube, J.G. and Nadel, Jed. (1963). Je Appl.,
Ph;rllio‘., 18: 863.

217. Wwiddicombe, J.G. and Sterling, G, (1970). Arch. intern.
Ihdc’ 12:: 311.

218, lyms., OsdeMs (1952), Bronches., 2t 101.
)

219. Blumethal, M.E,, lNelean, JeAs, Mathews, K.P,, Sheldon,

Jeils and m' A (1965). Arech, intern, m., 117 4.

220. Carryer, Hil., Sherrick, D.is and Gastencan, C.F. (1960).
Je An. mad, m.. 1728 1356—

221« Collins, J.V. Clark, T.J.l., Harris, P,V.Re and Townsend,
P (1970)_. Lancet, ii: 1047.

222, Duwyer, Jey Lazarus, D. and J¢B, Hickie. (1967). /ust. Ann,
Yed., 161297,

223. Erikeson-Lihr, Z. (1951). Acta Paediat., 40 (Suppl. 83):
116,

224, Green, Mand Lim, K.H. (1971). Lancet., i: 1159,

225  Harris, P,!/sR, and Collins, J.Ws (1971). Lancet.,
i: 1348.

226, Xass, I, and Appleby, S. (1960). Amer, Je mede Sci.,
240: 213.
Marnon, G. and Lopez-Palacios, R. (1956) Revta. iber. Endocr., 3: 289.

Nelson, J.K. Mackay, J.S. Seridan, B. and Weaver, J.A. (1966) Lancet ii:78.
Nelson, F.M. (1945). J. Allergy., 16: 136.



230.

231
232
233

234

191.
Rot)ﬂm' AsOs and Kilm, Jele (1965). mm' 202 93.

Rose, B., Fyles, Telis and Venning, S.H. (1955).
Je Allergy., 268 1.

Siegel, S.Cey Tly, ReSey Bernberg, Vs and Kelly, VeCe
(1956)  J. Allergyey 27t 504.

Spemer, ©., Balaz, V. and Adamnec, 0. (1960) Acta
Allu‘g., 15' 328'

Vaccarezsa, JeRe (1961) Dis. Chest., 40: 121,

in Asthome

(1)

235

236

237

238

239

241

2 42

Bernstein, I.L., and Kreindler, A. (1943) Je
Allergy., 3431 127.

Cade, Jei'ey Woolcock, Aede, Rebuck, A5, and Pain, FeCeFe
Clin, Sci., 403 381,

Daly, W.Je (1971) Arch, intern. Med., 127: 673.

Fiﬂhﬁz" Hv.i:c’ Hﬂltm, Pay Mm, Re St. Jeo and MTadel,
J.A., (1970). ~ Amer, Rev. Resp. MS., 101: 885-

Herzog, H., Keller, R., Amrein, R., Matthys, H, and
Jm' He (19'$) Wo Resp. RB’., 4: 205.

Lapp, Le Roy. H. and Hyatt, R.Z. (1967) Dis. Chest.,
51t 475,

lcFadden, CeRe Jr. and Lyons, H,A, (19483) J. Appl,
Pm’.ﬂl.' 253 365.

MePadden, MeRe Jr. and Lyons, HeAs (1949) J. Appl.



192,

27! 452.

243 Pelzer, A.M, and Thomson, MeL. (1969) Amer, Rev.
Reop. Disey 99t 194.

244 Ruth, W.5. and Andrews, CeBs (1959) + J. Lab. olin,
M., 548 889.

245 Vassallo, CeLe, Goe, J.BeL, and Domm, B,M, (1972)
Amer. Rev. Resp, Dis., 105: 42.

(11) Vo in

246 T oy 121 ') &.J.' n.em;' :hs.ml OJin' :-1.{:.1.".

(1971) Clin, Seis, 402381,
247 Corbeel, L.J. (1968). Progr. Resp, Res., 4: 194.

248  agstrom, I. (1964) Acta Pediastrica (Uppsala),
Suppl. 155.

249 Gold, W.iMe, Kaufman, H.S, and Nadel, J.A. (1967)
J. ﬁppl- Miala' 23’ 433-

- 250 Hurtado, A, and Kaltreider, N.L. (1934) J. clin,
Imn't.. 133 1053. |

251 xz-uponn. S. (1959) Acta paediat., 48: 335.

252 levine, C., Houseley, 1., lacleod, P, and Macklen, P,T.
(1970) Few ™g. J. lied., 282: 1277.

253 Lowell, P,C., Schllor, I.¥. and Iymch, M.T. (1955).
J. Allergy., 26: 113.

254 Mayfield, J.D., Poez, .7, and D,P, Wicholson. (1971)
Thorax, 26t 591.



193.

255 Nead, Je, Milio-Bmili, J. and Turner, J.M, (1963)
Je Appl. Physiol., 18: 295,

256 leisner, P, and Hugh-Jones, P, (1968) Brit. med.
Je 12 470.

257 Palmer, K.N.V. and Diament, M.L. (1969) Lancet.,
i 591.

258 Petit, JoM., Melon, J, and Milic-mili, J. (1960)
Intern, Arech. m’.ﬂmo,_ Appl., Im.mql.‘, 16: 141.

259 Stanesou, DeCe and Teculescu, D.B. (1970) Thorax,
2§: 581.
260 Weng, $7 and Levinson, H. (1969) Amer, Rev. Resp.

Diag. ') ”‘ 719.

261 Wooloock, A.J. and Read, J. (1965) Lancet., ii: 1323,
262 Wooleock, A.Je and Read, J. (1966) Amor, Jo Med.,
4%t 259
263 Wooloock, A.Je and Read, J. (1968) Amer, Rev. Resp.
Dis., 98: 788,
264 Woolcock, Asd. - BMkMOk, AeSe, Cade, JoFs and Read, J.

(1971)  Aser, Rev. Resp. Dis., 104: 703.

(1i1) c i Asthna

265 Bergofeky, SeHe, Lehr, DeBe, Fishman, A. (1962)
J. clin, m’to' 412 14920

266 Barzofaky, leHes, Bass, Bels, Perretti, R. and Fishman, A,



194+

(1963) Je elin, Invest., 42: 1203.

267 Davies, JeTe and Rideal, E.Ke (1961) Inter-
faocial Phenomena. New York: Acadenic.

268 Pinlay, TeNey Tooley, W.He, Swenson, H,W., Gardner,
Relle and Clements, JeAs (1964) - Amer. Rev. Resp.
'D‘Lu.. w‘ ml

269 Fimwoane, K.D. and Colebatch, H.J.He. (1969) Je
Appl. Physiol., 26: 330,

270 GOIQ’ 1'7.?\'2.' mlﬂ’ Hos. anti MCI, 'J.-‘il (1967)
J. Appl. PhyBiOlo_’ 33! 4330

271 Gough, . (1955) Lancet, it 161.

272 Macklem, P.T. and Becklake, H.Re (1963) Amer.

Rev. Resp. m’oy -BTI ATe

273 Marshall, R. and Vidddcombe, J.G. (1961)  Clin,
Scia' 20: 19-

274 Nead, J. (1961) Physiol. Rev., 41: 301.

215 loud, Ju, Lindgren, I and Gasnsler, Z.4. (1955)
Je olin, Invest., 341 1005.

276 Pattle, R.%. (1961) Rature, 189: 844.

27’7 ?i\“.l“c(‘-.‘, J..-:“L. :’-.\‘11. :‘-mrt' R.v, (19(.:‘) ﬂiom}]
20: 469-
278 Radford, TP, Jr. (1964) Handbook of Physiology.

Respiration. Vashington D.Ce Amer. Physiol. Soc.



279

280

281

282

283

284

Vol. I, p.445.

Scarpelli, B« (1971) Triangle, 10: 47.

Tierney, DeFe and Johnson, ReP. (1965) Je
Appl. Physiol., 20: 1253..

Ting, 2.Y¥. and Williams, M.H, Jr. (1963) Amer.
Rev. Resp. Dis,, 88: 791.

Tooley, WeH., De Muth, G. and Nadel, JeAe (1965)
JI PﬂOd’i&t.' 66' 51?'

Wells, ReEs Jr. (1959) Amer, J. Medsy 26t 384.

Woolcock, A.Js and Read, J. (1968) Amer, Rev.
Resp. Din., 98! 788-

Wright, ReRe (1961) Am. J. Pathol., 39: 355.

287

288

289

291

Apthorp, G.H, and Marshall, R. (1961) J. clin, Invest.,

40: 1775
Bates, DJV. (1958) J. clin, Invest,, 37: 591.

Bates, D.V., Macklem, P,T. and Christie, R.V. (1971)
Respiratory Function in Disease, 2nd ed. W.B, Sausiders, Co,

Bedell, G.N. and Ostiguy, G.L. (1967) Clin, Sci., 32:
239.

Bjure, J., Soderholm, B. and Wedimeky, J. (1966)
Scand. J, Resp, Dis., 47: 53.

Bouhuve. A.. George. J., Jonsson, R., Lunden, G. and



1964

Lindell, S.E. (1960) J. Physiol, Lendon., 152: 176.

292 Burrows, B., Kasek, KB., Neden, A.Hs anl 7 @clay, W.R.
(1961) Amere Res. Resp, Dis., 841780

293 Daly, W.Je (1971) . Aveh, intern. Med., 127: 763.

294  FPorster, R.%. (1957)  Physiol. Revs, 37: 391.

295 Kanagani, Hey Kateura, T., Shiroishi, K., Baba, K, and
R:lm. T (1961) Acta. ned. llcand., 1698 595

296 Kreukniot, J. and Visser, B.Fs (1962)  Acta Physiol,
Pharmacol. Neerl., 11: 386.

297 Lewis, Bsils, Hayford-Wesling, D.Je, Purusho, A. and Reed,
LeCe (1961) Je Appl. Physiol.; 163 679.

298 m' Go, Hmhy' EO' Mhﬁ' P, and Mlem' 2T
(1910) Tiew Eng. Je M.’ 282: 12".

299 Lindell, J. (1960) J. Physiol, Londom,, 152: 17¢.

300 Macklem, P,T. and Becklake, M.Re (1963) Amer, Rev.
Respe. Dis., 87: 4

301 Meisner, P, and Hugh-~Jones, P, (1968) Brit. med. Jey

1: 470.

\ 302 Wu’uion. Belle Jry and Wg HoAo (1963) Hew Fh.g.
3. Med,, 278: 1027,

303 Ogilvie, A.G. (1968) Brit, Med. J., 13 T68.

304 Ohmanly Jeley Schaidt-llowara, W., Lowrence, M., Kazgui, H,
and Lowell, F. (1972) Je Allerg. Clin, Immmol., 49:117.



197,

305 Palmer, K.H.V. and Diasaent, M.L. (1969) lancet, i: 591.
306 Palmer, KeN.Ve and Diament, MeLe (1970) Thoraz., 25:101.

307 Poworay L. Jey Bernstein, I.L, and Feldman, D.P. (1966)
Je mw.; 37: 204.

308 Piiper, J. and Sikand, ReS. (1966) Resp. Physiol., 13 75.

309 St”m’ DeCy and Mm, DUB’ (1969) J« Appl.
Miolt' 2’6: 197*

310 Stanescu, DeCe and Teculescu, DeB. (1570) Thorax.,
25: 581,
311 Weng, TR and Levinson, H. (1969) Amer. Rev. Resp.

Pis. ' ”f 719.

312 Anthm: AdJe (1930) Deutsch. Arch. Klin, Med., 167: 129,

312 Arborilius, M, Jr. (1965) Seand, J. elin, Lab, Invest.,
17: 257.

314 Ball, Y.Ce Jr. , Stewart, P.B., Newsham, L.0s5. and Bates,

D.V. (1962) Je olin, Invest., 41: 519,
315 Bareroft, J. (1920) Je Roy. Army. Mede Corpse, 34t 155.5
316 M“' DeVe (1952) Clin, SO’.U' 11: 203,

317 Bates, D.V. and Christie, R.V. (1964) Respiratory function

in Disease, London,
318. Bates, D.V,, Anthonisen, N,R, Bass, H., Heckscher, T. and Oriol,

A, (1968) in Form and Function in the Human Tang, ed. by G.
Cumnings and L,B. Hunt. E.8, Livingstone, Ltd. p. 125.
319. Beale, HoDey Fowlar, .S, and Comrose, J.H, Jr.,(1952) J. Allerg. 23:1.



159,

320 Bentivoglio, L.O. Deerel, F., Bryan, A.C, Stgwart, P.B. Rose, B.
Bates, D,V. (1963) Je olin, Invest., 42: 1193,
321 Borgofolky, DeHe, Bass, BeCGe, Ferrctti, R. and Pishuan, A.Pe

(1963) Je clin, Wo. 428 1201.

322 Cole, ReBe and Bishop, Jele (1963) J. Appl. Physiols,
18s 1043.

323 Despas, P, Walker, A,, MoRae, J. and Read, J. (1970)
Aust, Am, Hed., 193 304,

324 Dollery, CeTe and Mugh-Jones, P. (1963) Brit. Med,
Bull,, 19: 59.

325 Donald, Keie, Renzetti, A., Riley, He.Le and Cowrnand, A,
(1952) Je Appl. Physiol., 4: 497.

326 Downesy Jedey 1/00dy DeWey Stuker, Telie and Pittman, J.Ce
(1568) Paediatries, 423 238,

327 Feldman, R. (1962) Am, Intern. ieds, 5Tt 29.
328 Pield, G.B. (1967) Clin. Sei., 32t 279.
329 Pishnan, A.P, (1961) Physiol. Rev., 41: 214.

330 Fishman, A.Pe (1969) in The Pulmonary Cirsalation aad inter—
stitial spacc. od. Fishman, A.P, and Hecht, HeH., Univ. of
Chicago Press. p. 189.

% Flenley, DesCe (1971) Proc, roy. Soc, Med., 64: 1149.

332 Fowler, WeSs, Cornish, FE,R, Jr. and Kety, S.S. (1952)
Je. clin, Invest., 31:40.

333 Holdene, J.S. (1935)  Respiration, 2nd ed., Haldane,
J.5. and MO“IW, JeCs Oﬂm’ Clarendon Press.



200,

334 Heckscher, T., Bass, H.,, Oriol, i., Rose, B,, Anthonisen,
A. and Bates, D,V, (1948) J. #lin, Invest., 47: 1063.

335 Herschfus, JeA., Bresnick, E, and Segal, MeSe. (1953)
Aner, Jo Hods, 141 23,

336 Irnell, L. and Nordgren, L. (1966) Acta. med, seand,,
‘79! ”5.
337 Enipping, He'e, Bolt, i,, Valentine, H., Venrath, H, and

m@r' P. ‘1957) ¥ameh, med. Hﬂchr.' 99: 460

338 Larson, CePe Jre. and Severinghaus, J.V. (19&) Js
Appl. Physiol., 17: 417.

339 Ledbetter, MeDs, Bruck, Z. and Porhi, L.Be (1964) Ja
clin, Iml't.. 433 2233,

340 levine, G., Houseley, D.y lMacleod, P, and lacklem, P.Te
(1970) How Enge Jo bed., 282: 1277.

341 Liljestrand, G. (1958) Acta, Physiol. Seand., 44: 216.

342 Lopez-ifi jono, V., Wagner, Hele, Twining, ReN., Tow, D7
and Cherniacl:, ReVe (1966) Cire, Hes., 18: 530.

343 Malnberg, R., Simonsson, B. and Bergland, Z. (1963)

Thorax, 18: 168.
344 Marghand, P, and van Hasselt, H, (1966) Lancet, it 227,
345 leimner, P, and Hugh~Jones, P. (1968) Brit. ned. J.,

1: 470.

346 McPadden, H.Re and Lymns, H.A. (19683) How ™ng. J. Med,



347

349

350

31

352
353

354

355

356

357

358

360
361

201.

27811027,
Middleton, EZ. Jr. (1965) Am, Iinke Med., 53t 695.

M4 jamoto, T., Mizumo, K. and Furuya, K. (1970) Je
Allergy., 45: 248,

Mishkin, FeS, and Waguer, H.H, (1967) Radiology., 88: 142

ﬁtmr. J.c.' m.r. HoFs and Kapretzly, H.Se (1958)
R’m‘im| 25‘ 201,

Novey, HeSey VWilson, A.Fs, Surprenant, E.Ls and Bemnett,
LeRe (1970) Jo Allergy, 4%: 221.

Palmer, K,N,V. and Diament, M.L. (1969) Lanoet, itz 591.
Palmer, KeNoVe and Diament, M.L. (1968) Lancet ii: 318,

Wt, sn' mn’ :.B'ILQ, PI‘MM', P'P. mﬂ Rilﬁy. ROI‘.
(1961) Je« Appls Physiol,, 16t 64.

Rebuck, A.Se and Read, J. (1971) Aser, J. led., 511 783,

Rees, Hels, Hillar, J.S. and Donald, K.N. (1968)
Quart. J. led, 37: 541.

Refsuz, H.Z. (1964) Clin. Sciey 273 407.

Rilex' R.LQ' w. A, and Md. Kelle (1951) Je
Appl. molo| 4: 102,

Severinghaus, JoWe and Stupfel, Me (1957)  J. Apple
Physiol., 10z 335

Simpson, H. and Flenley, DeCs (1967) Lenoet, i: Te

Simpson, H., Forfar, J.0. Porfar, and Grubb, D.J. (1968)



363

365

367

368

369

370

202,

Brit. med. J., 2: 460,

Tabb, WeCo and Gueviant, JeL. (1968) J. Allergy., 42:
249.

Tai, E. and Read, J. (1967) Lanoet, i: 644.

Valabhji, P. (1968) Clins Sci., 34: 431.

von Buler, U,S, and Liljestrand, G. (1957) J. Physiol.
45¢ 135. '

Waddell, J.A., Emerson, P, A, and Gunstone, R.F, (1967)

Brit. med. Jo, 23 402.

West, J«Be, FO’WIBI', KeTe, Hllgh—l:rm'.IBS, P, and OtDonnell,

V. (1957) Clin, Sei., 161529

Williams, M.H. and Zohman, L.R. (1960) Amer, Rev. Resp.

Dch, 81: 173.
Wilson, A,, Surprenant, Z.L., Beall, G.l., Siegal, S.C.,
Simmons, D.H. and Bemnett, L.R. (P70) Amer, J. led,,

48: 416.

Woolcock, AtJI’ MGRM' Jo| I-’IOI‘TiS, J«Gs and Read, J.

(1966) Ast, Ann, Med., 15: 195,



2203,

(G) METHODOLOGY,

(i) Introduction
LY g Allen, O, W. and Sabin, S. (1971) Amer. Rev. Resp.

372
313

314

375

376

37

378

3719

381

Dis., 104: 61,
Clark, Te.JoHe (1971) Proc. roy. Soc. Med., 64: 1245.
Cotes, J. (1971) Proc. roy. Soc, Med., 64: 1232,

Dollfuss, ReBe, Milio-Emili, J. amd Bates, D.V. (1967)

Resp. Phyli()l.’ 2: 234,

Plonley, DeCey Guyatt, AJRqy 51dd°m, JelAe and Brash, .

(1971) Proc. roy. Soc. Med., 64: 1243

Ingram, R.H. Jr. and 0%Cain, C.L.F. (1971) Bull,
Physio-path. resp., 7: 195.

Kory, ReC., Callahan, R,, Boren, H,G., and Syner, J.C.
(1961) Aner. Jo Med., 30: 243.

Macklem, P.T. and Mead, J. (1967) J. Appl. Physiol.,
22: 395.

Milic-Emi}i, J., Henderson, J.A.M., Dolovich, M.B.

Trop, Ds and Kaneko, K. (1966) Je Appl, Physiol.,

21: T49.

Mitchell, M., Watanabe, S. and Renzetti, A.D. Jr. (1967)

Amer, Rev. Resp. Dis., 96: 685.

Pelzer, A. and Thomson, li.Ce (1966) Je Appl. Physiol.
21: 4690



383

387

204.

Sobol, B«Je (1971) Proc. roy. Soc. Med., 64: 1246.
Sobol, B.J. and Emergil, C.(1968) Je chron. Dise,
21:211.

Stein, M., Tanabe, G., Rege, V. and Khan, M. (1966)

Amer. Rev. Resp, Dis., 93: 257.

Weng, T.R. and Levinson, H. (1969) Amer. Rev. Resp.

Dis-, 99: 719.

Woolcock, A.Je and Read, J. (1966) Amer, J. Med.,

41: 259-

Woolcock, A.J. Vincent, N.J. and Yacklem, P.T. (1969)

J« clin, Invest., 48: 1097.

(ii) Measuring airway resistance.

Na
o108

390
N

392

393

394

Ainsworth, M. and Eveleigh, J.We (1952)

Ministry of

Supply, CQD|E-E" Porton Tech. Paper 320’ 1952.

Bachofen, H., (1968) J. Appl. Physiol., 24: 296.

Bargeton, D, (1959) Pathol. Biol., Paris, Hopi T:1T747.

Bargeton, D. and Barres, G. (1968)

Prog. Resp. Res. 4: 2,

Bartless, R.G. Jr., Brubach, R., Trimble, C. and Specht, H.

(1959) J. Appl. Physiol., 14: 89.

Bates, D.V., Macklem, P,T, and Christie,

ReVe (19%1)

Respiratory Ianction in Disease, W.B. Saunders Company,

2nd. ed., p.33.

Bayliss, L.E. and Robertson, G.W. (1939)

Quart. J. Exper.,



395

396

397

398

399

400

401

402

403

405

Physiole., 29: 27,
M, P. (1868) CeRe Socs Biola, 5{ 22,

Bert, P, (1870) 'Lecons sur le physiologie coumparee
de la respiration®, Bailleres, Paris., 1870.

Briscoe, W.A. and Du Bois, A.B., (1958) J. clin,
Invest., 37: 1279,

Bl:ttler, ch-o' Caro, COG" Mcala' R, and Du Bois, A.B.
(1960) J. clin. Invest., 39: 584,

Buytendi jk, HoJe (1949) Intraoesophageal Pressure and
Lung Elastisity (Theseis) Univ. Groningen, Groningen,
Netherlands,

Clements, JeA., and Elam, J.0, (1955) Amer., J. Physiol,
1838 ®4o

Clements, J.A., Sharp, J.T. Johnson, R.P. and Elam, J.0,
(1959) J. olin, Invest,., 38: 1262,

Comroe, J.H. Jr., Botelho, S.Y. and Du Bois, A.B. (1959)

Je Appl. Physiol., 14: 439.

Du Upis, AeBs, Britt, A.G.ad Fenn,. WeOe (1952) Je
Appl. Physiol. 4: 535.

Du Bois, A.B., Botelho, 8.Y. Bedell, G.N., Marshall, R. and

Comroe, JeoHe Jr. (1956) Je clin, Invest., 35: 322.

Du Bois, A.B., Botelho, S.Y, and Comroe, JeHe Jr. (1956)
Je clin, Invest., 35: 327.



406

407

408

409

410

411

412

413

414

415

416

417

206,

Du BOiS' A.B., BrOdy' A-W., LSWiS, D.H. and Burgeas, B.Fo JR.
(1956) J. Appl. Physiol., 8: 587.
Fisher, A.B., Du Bois, A.B. and Hyde, R.W. (1968) " 7

clin. Invest., 47: 2045,

Fry, DeL. Stead, W.W., Ebert, R.V., Lubin, R.I. and Wells, H,

S. (1952) J, Lﬂ:b. Glin. Med.' 4-0: 664-

Fry, Dele, Ebert, R.V., Stead, W.W. and Brown, C.C. (1954)

Amer, J. Med., 16: 80.

Gaensler, E.A., Maloney, J.V. Jr. and Bjorky V0.

J. Lab. Clin. Med., 39: 935.

Geubelle, F. and Senterre, J. (1963) Arch, Intern.
Physiol., T1: 107,

Gimeno, F., Berg, WeCs, Sluiter, H.J. and Tammeling, G.J.

(1972) Amer, Rev, Resp. Dis., 105: 68.

Goldman, M., Knudson, ReJs, Mead, J., Peterson, N., Schwaber,
J.R. and Wohl, M.B. (1970) J. Appl. Physiol., 28: 113.
Cuyatt, A.R., Alpers, J.H., Hill, I.D. and Bramley, A.C.
(1967) Je Appl. Physiol., 22: 383,

Guyatt, A.R. and Alpers, J.H. (1968) J. Appl. Physiol.
243 310.

Gmtt' A.R., B@m' Gl' Alpez'a, J.H.' Bramley, A.,Cs and

Fletcher, A.C. (1970) Amer. Rev. Resp. Dis., 101: 44.

Jaeger, M.J. and Otis, A.B. (1964) J. Appl. Physiol.,

19:8113.



207.

418 Jaeger, M.J. and Bouhuys, A. (1968) = Prog. Resp. Res.,
4: 116.
419 Linderholm, H. (1963) Amer, J. Physiol., 24: 85.

m Lloyd, TeCe (1963) Je« Appl. Mﬁlo. 18: 114.

421 Macklem, P,T, and Mead, J. (1967) © J. Appl. Physiol.,
22 395,

422 MoDermott, M. (1971) Proc. roy. Soc. Med., 64: 1235,

423 NoIlroy, M.B., Mead, J., Silverstone, N.J, and Radford,

HePe (1955) - Je Appl. Physiol., T: 485.

224 lMead, Jo and Whittenberger, J.L. (1953) Je Apple
Physiol., 5¢ T79.

425 Mead, J. and Vhittenberger, J.L. (1954) J. Appl.
m‘.Ol-, 6: 408,

426 Mead, J. (1971) Proc. roy. Soc. Med., 64: 1237,

427 Milio-Bmili, Je, lMead, J., Turner, J.li, and Glauser, Z.i. (1964)

Je Appl. Physiol., 19: 207.

428 Nadel, d.A. and Tierney, D.F. (1961) Je Appl. Physiol.
16z T1T¢
429 Weergaard, K. v. and Wirz, K. (1927) Ztscte, f. klin,

Hed.. 105= 350

430 Neergaard, K.v. and Wirz, K. (1927) Ztsche, £, klin,
Med., 105: 51

431 Nolte, D. (1968) Progr. Resp. Res. 4: 102,



208.

432 Otis, A+B. and Proctor, D.F. (1948) Amer, J. Physiol,
152: 106.
433 Otis, AeB., Renn, W.O. and Rahn, H. (1950) J. Appl.

Physiol., 2: 592.

434 Pelzer, A.M. and Thomson, M.L. (1966) J. Appl. Physiol.
21: 469.
435 Pelzer, A.M, and Thomson, M.L. (1969) Amer., Rev. Resp.

Dis., 99: 194.

436 Pfuger, E. (1882) Arch, ges. Physiol., 29: 244.

437 Rohrer, F. (1915) Arch. ges. Physiol., 162: 225,

438 Sackner, M.A., Feisal, K.A. and Bu Bois, A.B. (1964) J.
Appl,. Physiol., 19: 534.

439 Smidt, U., Muyers, K. and Buchheim, W, (1968) Progr.

Resp. Res,., 4: 39.

440 Sobol, B.J. (1969) J. Appl. Physiol., 27: 295.
441 Sonne, C. (1923) Acta. Med. Scand., 58: 313.
442 Stanescu, D.Ce, Pattijn, J., Clement, J. and van de Woestijne,

K.P. (1972) J. Sppl. Physiol., 32: 460.
443 Vuilleumier, P. (1944) Ztschr. f. klin, Med., 143: 698.

444 Weibel, E.Re (1963) Morphometry of the human lung.

New York. Academic Press

(iii) Static Lung Volumes.

445 Bass, E. (1925) Z. ges. exp. Med., 46: 46.



209,

446 Bates, DeV., lMacklem, P,T, and Christie, R.V. (1971)
Respiratory Function in Disease, W.B, Saunders, Co,

447 Bert, P, (1868) CeRe Soce Biol., 5: 22,

248 Bert, P, (1570) Lecons sur la physiologie comparee de
la respiration. Bailleres, Paris, p.381 - 389,

449 Birath, G. and Swenson, B.We (1956) Seand, J. Clin,

Lﬂb. Inveﬂt.' 83 155.

450 Bohr, CeCe (1907) Deut, Arch, Klin, Med., 37: 457.

451 Borelli, G.A. (1680) De Motu Animalium, Vol. I Rome:
Bernabo.

452 Boren, H.Ge, Kory, ReCe and Symer, J.Ce (1966) Amer.

J. Med., 41: 96,
453 Christie, NV, (1932) Je olin, Inveost., 11: 1099,

454 Cournand, A., Lassen, HeCsAe and Richards, D.W.Jr. (1937)

Js clin., Invest., 16: 9.

455 Darling, R.C., Cournand, A, and Richards, D.W. Jr. (1940)
Je clin, Invest,., 19: 609.

456 Davy, J. (1800) Researches, Chemical and Philosophical,
chiefly concerning Nitrous Oxide or Dephlogisticated Nitrous
Air, and its Respiration. London: Johnson.

457 Du Bois, A.Bs (1959) Physiologist, 2: 8.

458 Emmamiel, G., Briscoe, W.A. and Cournand, A. (1961) J.



49

461
462

463

465

3§88

AT

472
473

210,

olin, Invest., 401329,

Pederation of Awerican Societies for Luperimental Biology:
Standardization of definitions and symbols in respiratory
physiology. (1950) FPed. Proc, 9: 602.

Forster, R.5., Blakemore, W,S, and Morton, JeW. (1957)
Je« ¢lin, Invalt.. 36' 1.

Gad, J. (1881)  Disch. Naturforscher u Arzte, Salzburg. p.117-119.
Gilson, J.0e and Hugh-Jones, P, (1949) Clin, Sei., 7: 185.
@rehant, W. (1860) Compt. Rend. Acad. Sei., 511 21,

Grehant, ¥ (1862) w. Rend, Acad. Sedi., 55t 278.

Grehant, N. (1864) J. Anat, Physiol., 13 523

Hathirat, S., Rensetti, A.Ds Jr. and Mitchell, 1. (1970)
Anmer. Rev. Resp. Dis., 102: 760.

Herrald, FeJ.C, and MoMichiel, J. (1939) Proec. roy. Soc.
Londone, 1261 491.

Holugren, A. (1954) J. Clin. and Lab, Invest., 6t 131.
Hutohison, J. (1846) J. Med, chir, Trans, 29: 137.
Menzies, R. (1790) Tentamen Phymiologicoum Inaugurale de
Respiratione, Att. 79, Ty 1/2 pe 23 = 24.

Iitchell, MM, and Rensetti, A,Ds Jr., (1968) Amer. Ric.
Rosp. Dise, 97t 5T1.

lotley, Hela (1957) Amer. Rev. Tuberc., T6: 601.

0311?10' C.H., F‘Grﬂer, R.:—i‘m' makem. h'gs‘ and Iimm' J.!‘:‘.



474
475
476
411

478

479

481

483

435

211.

(1957) J. clin, Invest., 36: 1.
Pfluger, =. (1882) Pflugers Arch. ges. Physiol., 29: 244.

Reichel, G. (1968) Prog. Resp. Res., 4: 188,

- Lamphiere, Z.H, (1953) Je Appl. Physiol., 5: 361.

Lassen, HeCelsy Cournand, A. and Richardse, DeWe (1937)
J« Clin, Invesnt,, 16¢ 1.

MelMichael, Jo (1939) Clin, Sci., 4: 167

Honnely, GeRe and mtr.m. HeLe (1%1) Proc. Soce
Lxpe Biol. Hﬂdo' 463 2664

Heade, F., Saunders, M,J., Hyett, F., Reynolds, J.A.
Pearl, ¥. and Cotes, J.2« (1965) Lancot, ii: 573.

Véwely, GeRe and Kaltreider, Hel. (1949)  J. clin,
Invests, 28: 129,

Henedly, G.Rep MI, Ce0eTe Kory, ReSe MIW' J.' I‘hrrill.
JelMs, lMabe, ReZe Rochm, DeCe and Kaltreidek, N.L. (1960).
Amer, J. Hﬂdgg 28: 8240

Schuidt, A.d. and Cohn, Je.Be (1961) Je Appl. Physiol,,
16: 935.

T™erney, D.P, and Nadel, J.A. (1962) Je Appl. Physiol,
17! 871.

Van Slyke, D.Ds and Benger, C.A.L. (1923) . J. “xptl.
Medey 3T: 457,

Tainer, Re3. and Cooper, P, (1956) Amer. Rev, Tuberc., T4:
725.



212,

(iv) Dynamic Lung Volumes (a) FEV,, FVC., RVC and PTIR,

487

439

490

LL

492

453

494
495
496
451
498
499

501

502

Baldwin, ©. de F., Cournand, A and Richards, Deiie (1948)
Medicine (Baltimore), 27: 243.

Berngiein, L. and Kagantzis, G. (1954) Thorax, 9t 326.

Campbell, Z.J.M., Martin, M,B., and Riley, R.I. {1957)
Bull, Johns, HOpk. Hosp. 101: 3290

Cara, M. (1953)  Poumon., 9: 406.

Cotes, J«Z. (1965) ILung Punction, DBlackwell Scientific
Publications Oxford., p. 100 and p.103.

Cournand, A., Richards, D.ii, and Darling, R.Ce (1939) Amer.
Reve Mercc' 4-03 487.

Cournand, A. and Richards, DeW. (1941) Aner. Rev. Tuberc.,
44: 26,

Dayman, H. (1956) J.Clin, Invest., 35: 394.

Donald, K,We (1953) Brit. med. J., 1t 415.

Tinthoven, W. (1892) Arch, Ces, Physiol., 51: 367.
Freedman, S. and Prowse, K. (1966) Lancet, ii: 618,
Gaensler, T.A. (1951, a) Amer. Rev. Tuberc., 64: 256.
Gaensler, Dede (1951, b) Science., 114: 444.

Gandevia, B. and Hugh-Jones, P. (1957) Thorax, 12: 290.
Hadorn, W. (1942) Schweiz. med. Wechr., 23: 946.

Hermannsen, J. (1933) 7. ges. exp. Med., 90: 130.



AT
e

503 Hildebrant, G, and O, Hanke (1956) Artzl, Wschr., 11:439.

504  Hutchinson, J. (1846) Med - chir. Trans. 29: 137

505  Kemm, JeRe and Kamburoff, P,L. (1970) Clin, Sei., 39: T47.

506  Kennedy, M.C.S. (1953) Thorax, 8: 73.

507 Macklen, PeTe, Fraser, ReGe and Brown, WeGe (1965) Je Clin,
Invest., 44: 897.

508  Mead, J., Lindgren, I. and Gaensler, L.de (1955) Je Clin,
Iavest., 39: 1005.

509  Miller, WaF., Johnson, RuL, and Wu, M. (1956)  Die. Chest.,
30: 33.

510 Needham, CeDe, Rogan, M,Ce and McDonsld, T. (1954) Thorax,
9 313,

511 Needham, CeDs, Rogan, M,C, and MeDonald, I, (1955) Brit,
J. Tuberc., Report No. 450: 1.

512 Pride, N.B. (1968) Brit. J. Dis., Chest., 62: 169,

513 Shepherd, ReJe (1955) Thorax, 10s 258,

514  Shepherd, R.Je (1956) Thorac, 11: 223.

515 Sturgis, C.Ce Pecbody, WeFs, Hall, FsCs and Fremont-Smith, P,
(1922) Arch, intern. Med., 29: 236.

516  Tiffene#n, R, and Pinelli, A. (1947) Paris med., 133t 642,

517  Tiffenesu, R., Bousser, J. and Drutel, P. (1949) Paris
mdl' 137’ 5430

518  Wright, B.M, and MoKerrow, CeBe (1959) Brit. med. J., 2t 1041.

519  VWyss, F. (1950) Helv. med. Acta., 17: 516.

(b) MoE.F-VmeeB.

520  Agostoni, E. and Fenn, W.0. (1940) J. Appl. Physiol.,

15: 349.



521

522

523

524

525

586
527

528
229

530

531
532

533
534

535

536

214.

Bouhuys, A. and Jonson, B. (1967) J. Appl. Physiol., 22
1086,

Boulmuys, A., Hunt, VeRe, Kim, B,H, and Zapletal, A, (1969)

Je olin.-n'mst., 48: 1159

Bouhuys, A. (1970) in Airway Dynamics, Physiology sl
Pharnacology, ed. A. Bouhuys, CeCe Thomas; Publisher. p.263.
Branscomb, BeVe (1960) Third Air Pollution Research Seminar
U.5. Dept. of Health, Zdmcatimn and Helébre, New Orleans.
Campbell, EeJelle, Martin, HeB. and Riley, ReLe (1957)

Bull., Johns. Hopk. Hosp., 101: 329,

Cinder, L. and Comroe, JeHe Jr. (1955) Je Allergy., 262210,
Clement, J, and van de Woestijne, K.P. (1971) J. Appl.
Physiole, 318 55.

Dayman, H., (1951) J. clin, Invest., 39: 534.

Ferris, B«G. Jr. and Pollard, D.S. (1960) J. clin, Invest.
39t 143, |

Frenk, N}R.,_nnd.Aminr; M0 Worcester, Je.dad hittenberger, F.
(1962)  J. Appl. Physiol. 17: 252.

Franklin, ;:'.'a.na Lowell, P.Ce (1961) J. Allergy., 32:162,
Fry, Deles, Ebert, ReV., Stead, W.W. and Brown, C.Ce. (1954)

An, J. lMed., 163 80, i

Fry, DeLe (1958)  Phys, Med. Biol., 3: 174.

Pry, DelLe and Hy:{tt. Rele (1960) Aver, J., Med., 29: 672
Fry, DeLe and Hyatt, R.L. (1961) Anmer, Rew. Resp. Dis.,

83: 676. '

Hyatt, ReE. Schilder, D.P, and Fry, D.L. (1958) J. Appl.
Physiol. 13:331.



537
538

539

549
549
550

51

552

215.
Hyatt, R.E. (1961) Amer, Rev. Resp. Dis., 83: 676.
Hyatt, R.E. and Wilcox,ReBEs (1963) J. eclin, Invest.,
42s 29,
Hyatt, ReBs (1965) in Dynamic lung volumes, Handbook of

_Ph.ysiolog Vol., 2, [Edited by Fenn, W.,0s and Rahn, H. Balti-

more, p. 1381 [,

Ingram, ReHs Jr. and Schilder, DePs (1966) J. Appl.
Physiol., 21s 1821.

Ingram, ReHe Jre.and Schilder, DePs (1966) Aner. Rev. Resp.
Dise, 94: 56, ot '

Jaeger, MJs and Otis, A.Be (1954) J. Appl, Physiol., 193 83
Lapp, N. Le Roy and Hyatt, ReDe (1967) Dis. Chest.51: 475.
Levallen, D.Ce and Fowler, WeS. (1955) Aner. Rev. Tubere.,
T2: 783,

Llopd, TeCe Jr. (1963)  J. Appl. Physiol. 18: 114.

Lloyd, TeCe Jr. and Wright, GeRe (1963) Amer. Rev. Resp.
Dis., 8T: 529.

locklen, P.T. and Wilson, mﬁ. (1965) J. Appl, Physiol,
203653, |

liagklen, P.T. Fraser, ReGe ond Brown, WeGe (1965) J. olin.
Invest., 44: 297. ;

lacklem, P,T. and lead, J. (1967)  Arch. Inv, Health, 1415,
Macklen, P.'I'I. and Mead, J, (1968)  J. Appl. Physiol. 25:159.
Mead, Je, Turner, Jelley Macklem, P.T. and Little, JeBe (1957)
Je« Appl. Physiol., 22:95.

Mellins, Re.Re, Levine, O.R., Ingram, R.Hs and Fishman, A.P.

(19468) Paeliatrics., 41: 550.



553

554

555

556

557

558

559

560

561

562

563

564

565

216.

Nadel, JeA. and Tierney, D.F. (1961) Je. Appl., Physiol., 16: T.

Permutt, S., Bromberger-Barnea, B, and Bane, H.N. (1942)

Hed, Thora.x., 193 239.

Pride, N.B,, Permutt, S., Riley, R.L. and Bromberger-Barnea, B.

(1957) J. Appl, Physiol., 23: 646,
Pride, N,B. (1971) Brit. J. Dis. Chest., 65: 135.

Rahn, H., Otis) A+B., Chadwick, LeE. and Femnn, W.0. (19456)

Amer. J. Physiol., 146: 161.

Takiahim' T.’ Grimby' G.' Grm, h’., Kn'udﬂon' R. and

Macklem, P.T. (1967) Scand. J. Resp. Dis., 48: 384,

Van de Woestijne and Zapletal, A. (1969) Je. clin, Invest.,
© 48 1159.
Asmussen, B, and Nielsen, M. (1941) Scand, J. Clin. Lab,

Invest., 13: 297.
AB‘tmp, Ps (1956) Scand. J. Clin., Lab. InVQBta' ﬂ: 33.

Astrup, P. (1958) Acid Base Balance. Ciba Foundation

Research orum, London.

Astrup, P., Jorgensen, K., Siggaard Andersen, O. and Engel,
K. (1960) Lancet, i: 1035,
Barcroft, J., Tooke, A., Hartridge, H., Parsons, T.R. and

Parsons, W. (1920) J. Physiol., Lond., 53: 450,

Bates, D.V., Macklem, P.T. and Christie, R.V. (1971)

Respiratory Function in Disease, W.B. Saunders, Co.



217

566 Baumberger, J.P. (1938) Amer. J. Physiol, 123: 10,
567  Berggren, S.Ms (1942) Acta. Physiol. Scand., 4 (Suppl.II)I
568  Bishop, J.M. (1960) Proc. roy. Soc. Med., 53t 177.

569 Bohr, C. (1891) Skand. Arch. Physiol., 22: 221,

570 Canfield, R.E, and Rahn, H. (1957) J. Appl, Physiol.,
10: 165.
571 Cohen, Re, Overfield, E.Ms and Kylstra, JeAs (1971) ' 4%

Appl. Physiol., 31: 223.

572  Clark, L.C. Wolf, R., Granger, D. and Taylor, Z. (1953)

J. Appl. Physiol. 6: 189.

573  Clark, L.C. (1956) Trans. Am. Soc. Artificial Internal

Organs, 2: 41.
574  Daneel, von H. (1897/1898) 7. Elektrochem., 4: 227.

575 Donald, K.W., Renzetti, A., Riley, RelLe. and Cournaid, A.

J. Appl. Physiol., 4: 497.

576 Douglas, CeG. and Haldane, J.S. (1912) J. Physiol,,

London., 45: 235,

577 Douglas, C.G., Haldane, J.S., Henderson, Y and Schneider,

E.Ce (1913) Phil. Trans. Roy. Soc., London, Ser. B.
203: 185,

578 FElridge, F. and FPretwell, L.K. (1965) J. Appl. Physiol.
20: 790,

579  Enghoff, H. (1931) Skan, Arch. Physiol. 63: 15.



21R.

580 Enghoff,H. (1938) Uppsala Lak For Foch, 4: 191.
581 Farhi, LeEs and Rahn, H. (1955) Je Appl. Physiol., T7:599.

582 Farhi, LeBe (1955) in Recent Advances in Respiratory P =io-

logy, ed. by Caro, C. London, W.,H. Arnold,

583  Fenn, W.0e, Rahn, H, and Otis, A.B. (19456) Amer, J.
Physiol., 146: 63T.

584  Plendd , DeCe, Miller, Je¢S. and Rees, H.A. (1967) Brit.

Med. J|| 2: 349.

585  Folkow, B, and Pappenheimer, JeRe (1955) Je Appl. Physiol.

83 102-

584 Geppert, J. and Zuntz, N. (1886) Arch., Ges. Physiol.,

42: 189,

587 Gertz, X.H, and Loeschke, H.H. (1958) Waturewissenschaften.,

45: 160,

588 Greenbaum, Re., Munn, JeF., Prys-Roberts, C., Kelman, G,R. and
Silk, F.Fe. (1967) Resp. Physiol., 2: 274.

589 Haab, P., Piiper, J., and Rahn, H. (1960) J. Appl.
Physiol., 15: 235.

590 Haldane, J.S. and Lorrain-Smith, J. (1896) J. Physiol.,

20: 497.
591 . Haldane, J.S. (1898} J. Physiol., Lond. 22: 298,

592  Haldane, J.S. and Priestley, J«.G. (1905) J. Physiol.,

Lond., 323 225,

593 Haldane, J.S. (1922) Respiration. New Haven: Yale Univ.

Preasa. n. 136 = 117.



594

295

596

597
598

299

601
602

603
604
605
606
607

608

609
610

611

219.

Haldane, J.S. and Pirestley, J.G. (1935) Respiration, 2nd ed

London, O ford.

Hasselbalch, K.A. and Lundsgaard, C. (1912) BiochemeZe,

38: T7.

Hedley-White, J. and Laver, M,B,, (1964) J. Appl. Physiol.
19: 901,

Hgyrovaky, J. and Shikaia, M. (1925) Rec. Trav. Chem., 441496,
Houseley, ©=. (1947) Clin., Sei., 321 19.

Krogh, A. (1910, a) Skand. Arch. Physiol. 23: 193.

Krogh, A. (1910, b) ibid, 23: 200,

Krogh, A. (1910, ¢) ibid, 23: 217.
Krogh, A. (1910, 4) ibid, 23: 248,

Krogh, A. and Krogh, M. (1910, e) ibid, 23: 179.
Krogh, A. and Krogh, M. (1910, f) ibid, 23: 236.
Krogh, A. and Lindhard, J. (1913) J. Physiol. Lond., 47: 30
Lenfant, C. (1963) J. Appl. Physiol., 18: 1090.
KLenfant, C. (1964) J. Appl, Pﬁysiol., 19: 189.

Lilienthal, J.L., Riley, ReLs, Proemmel, DD, and Franke, ReEs

(1945) Aner, J. Physiole, 147: 199,
Lloyd, BeB.(1958) J. Physiol, Lond. 143: 5P,
Loewy, A. (1894) Pflugers, Arch, ges. Physiol. 58: 416,

Magnus, G. (1845) Ann, Physik Chem., 60: 177.



612
613
614
615

616

617

618

619
620

621

623

625

220,

Marchamd, P., Gilroy, JeCe and Wilson, VeH, (1950)  Thorax,
3 207. , .

Mellengaard, K. (1966)  Acta. Payaiol._m.. 6Ts 10,
Mellengazrd, K. (1967)  Soand. J. Resp, Dis., 48 23.
Jelsson, Nels (1960)  Physiol. Rev., 401 1.

Mum, JoF., Campbell, BeJoM. 2nd Peckett, Bs¥W. (1959)

J. Appl. Physiol., 14: 174.

Humn, JoFe (1971)  Applied Respiratory Physiology with
gpecinl reference to Ansesthesia., Butterworth and Co. Lid,

London, p.330.

Overfield, E.lis and Kylastra, Jede (1969) J. Appl. Phymiol.
27y 634.
Pfluger, E. (1872) Aroh ges. Physiol. 61 69.

,a

Rahn, H. (1949) nmar. J. Physiol,, 158. 21.

Rahn, H. and Otia, A.n.(1949) J. Appl. Physiol. 1: T11.

. Rahn, H, and Ferm, WeDs (19;5) _The 0,— C0, disgrems:imew.
Phys: Soolety,. b Bl

Ravin, M.B., Epstein, ReM, and Malm, J.R, (1965)  J. Appl.
Physiol. 203 1148,
Riley, ReLs, Proommel, D.D, and Franke, ReEs (1945)  J.

Biol, Chem., 1611 621.

Riley, ReLe, Lilienthal, J.L. Jr. Proemmel, D,Ds ond Franke,
Re.Es (1946)  Amer. J. Physiol. 147: 191.



626  Riley, ReL. and Cournand, A. (1949) JoAppl. Physiol., 13 82.
627 Riley, ReLs and Cournand, A. (1952) Je Apple. Physiol., 4: T7
628  Riley, ReLs and Cournan?, A, (1952)  J. Appl. Physiol., 4: 497.

629 Riley, ReL. and Permutt, S. (19645) Handbook of Physiology
ed. Fenn, W.0, and Rahn, H., Vol. 2., Amer. Physiol. Soc.

I‘Eaﬂhing’tm’ De 141 3.
630 Rohrer, F. (1915) Arch. Ges. Physiol, 164: 295,

631 Rossier, P.He and Weisinger, K. (1949) Jeo Internat. Chir,

Thorax., 11 35
632  Rossier, P,H. and Buhlmann, A. (1955) Physiol. Rev., 35: 860
633  Sanz, M.C. (1957) Clin. Chem., 3: 406.
634 = Scholander, P,F. (1947) J« Biol, Chem., 157: 235.

635 Severinghaus, Jelle, Stupfel, li, and Bradley, A.F. (1956)
Je A.pplo Phyﬂj.01o 9‘ 189.

636 Severinghaus, J.We. and Stupfel, M. (1957) J. Appl. Physiol,
18: 673,

637  Severinghaus, J.W. and Bradley, A.F, (195%) J. Appl. Physiol

13: 515.
638 Severinghaus, J.W. (1960) Anaesthesiology, 21: 717.

639 Severinghaus, Je.We (1962) Acta. Anaesthesiol, Scand,Suppl.II

207.

640 Sigaard-Andersen, 0., Engel, K., Jorgensen, K, and Astrup, P.
(1960) Scand. J, Clin, Lab, Invest., 12: 177,



641

643

645

646

647

648

649

650
651
652
653

654
655

656

222,

Siggaard-Andersen, 0. (1961) Scands J. Clin. Lab. Invest., 13

:205.
Sorensen, S.P,L. (B09)  Prozessen. Biochem.Z., 21:131.
Sorensen, S.P.L. (1909)  Biochem. Z., 22: 352.

Sproule, BeJe; Mitchell, J.H. and Miller, W.F. (1940)

J. clin, Inwest., 39: 378,
Staub, NeCe (1963)  J. Appl. Physiol. 18: 673.

Stow, ReWs, Baer, R.F. and Randall, B.F. (1957) Arch,

Pm. Ned, Rﬁh&bilo. 38' 646.

Thebesius, A.C. (1708) Disputatio Medica de Circulo Sanguinis
in corde. Imgduni Batavorium.

van Slyke, DoD, and Neill, J.M. (1924) J. biol, Chen., 51:523.

von Hayek, H. (1940) The Humon Lung, translated £rom Die

Menschliche Lunge by VeBE, Krahl, New York and London, Hafner.
Verloop, MeCe (1948) Actae Anate, 5t 171.

West. J.B. (1962) J. Appl. Physiol., 17: 893.

West, J.B. (1963)  Brit. Med. Bull., 19:33.

West, JeBe (1967)  Ann, Rev. led., 18: 459.

West, JeBe (1969) Resp. Physiol., 83: 196.
West, J¢Be (1970) Ventilation/blood flow and gas cmchange.

Oxford: Blackwell Scientific Publications,

Zuntz, M.(1882) Hermann's Handbuch. Physiol, 4: 1.



223,

RESULTS.

657 Medical Research Council, (1965) Lancet, i: 776.

658 Statistical Methods. Snedecor, Gelle and Cochran, W.Ge
1971; Gth edit., Ames. Iowa, U.S.A.

DISCUSSION.

659  Aviado, DM, and Carrillo, L.F% (1969)  Arch, Enwir. Health,
18: 025,

660  Aviado, D.M. and Carrillo, L.R. (1970) J. ¢lin, Pharmncol.,
10: 3.

661 Barach, A.Le, Bickerman, HeAs and Beok, GeJe (1955) Dis.
Chest., 27: 275.

662  Beall, G.HNe. (1907) Biochem. ‘harmacole, 14: 1907,

663 Bedell, G.,N,, Marshall, R., Du Bois, A. B, and Harris, J.He
(1956) J. clin. Invest., 35: 336.

664  Beersl, P., Jick, H. and Tyler, J.M. (1953) New ™mg. J. Med.
269; 226. '

665  Bjorneboe, M., Pishel, E,Z., and Stoerk, H. (1951) J. Dxper
led., 93: 37,

666  Bouhuys, A., Hunt, Re., Kim, Bels and Zapletal, A. (1969)
Je. clin, Inveat., 483 11590

667  Brocklehurst, WeZe (1968) in Clinical Aspects of Immnology
ed. by Gell, P.GesH. and Coombs, ReRelde, P.623.

668 Brooks, S.M., Weck, TB,0,, Ackerman, S,J, Sulliven, I., and
Thrasher, K. (1972) New Fng. J. Med., 286: 1125.

e Tciiee TP a 12T T amAddAan N A wm Sammale T.M. and Toelan., T_H.



670

671

(o)
=
L

674

675

67%

679

680

681

224,

(1954) J. clin. Invest., 33: 1524.

Brown, J. Englert, G Jre. and Wallach, S. (1958) J. olin.
Indocr., 18: 167.

Burrage, WeS. and Irwin, JoWe (1955)  Am. N.Y. Acad. Sei.,
613 37T

Burnstein, S. and Klauber, E.L.(1965)  J. clin. Endoer.,
25: 293,

Cade, JeFe, Woolcock, A.J. Bebuck, A.S. and Pain, M,C.,F.

(971)  Clin. Sei., 10: 381.

Campbell, HeJeMe, Martin, HeBs and Riley, ReL. (1957)

Bull. Johns. Hopk. Hospital, 101:329.

Carrillo, LeRe and Aviado, Dells (19.3) Je« Pharmacol.

Exp. 'I‘herr-.p., 164: 302.

Carrillo, L.R. and Aviado, D.M. (1970) Arch, Environ.
H‘!&ltho' 21: 149'

Carryer, H.!,, Prickmamm, L.%., Maytum, C.K., Lake, C,F, and

Williams, H,L, (1950) Proe. Mayo Clinie., 25: 482,

Cinelli, P., Onesti, S., Riecca, M., Passaleva, A. and Riocei,

M. (1964) Riforma Med., 78: 1336.
Claman, H.N. (1972) J.Allergy. Clin. Immunol., 49: 108,

Coffey, ReGe, Logsdon, P.J. and Middleton, Z. Jr. (1972)

J.lllergv. Clin. IMOIQ' 49! 870

Collina, J.V., CIark, T-J.H.' Hﬂrriﬂ, P.W.Re and Tozmso.nd, Je

(1970)  Lancet, i: 1047.



225,

682 Conmey, A.H., Jacobson, M., Schneidman, K. and Kuntzman, R.

(1965) Life Seci., 4: 1091.
683 Cope, Cele (1972) Adrenal Steroids and Disease, Pitman

™

lHedical,
684  Corbeel, L.Je (1968)  Progr. Resp. Res., 4: 194.

685 Crofton, J.We and Douglas, A. (1949) R spiratory Diseases.
Blackwell Scientific Publications p.403.

686  Di Palma, J.R. (1971) Pharmacology in Medicine, 4th ed.

MeGraw - Hill Boolk Company.

687  Dome, AsKe and Kelley, V.C, (1956) . J. Clin, Ind, and

Metab., 162 921.
688  Dulfano, M,J. and Hewetson, J. (1956)  Dis. Chest., 50:270.

689 Durnill, M.S. (1971) Identification of Asthma. Ciba
Poundation Study, Oroup No.38; Churchill Livingstone p.35.

690  Dwyer, J., lazarus, L. and Hickie, J.B. (1967) Anstral.
A, Med., 162 297.

691 Dzdahl, R.H, andRichards, JeBs (1956) Amer. J. Physiol,
185: 235.

692  Egdahl, ReH,, Richards, J.B. and Hume, D.Hs (1956) Science,
1235418,

693  FEly, ReSe Done, AAK. and Kelley, V.C. (1956) Proe. Soc.
Exper. Biol, and Med., 91: 503,

694 Englert, B, Jr., Browm, H., Willardson, D.0., Wallach, S. and

Simons. B. L. (106&\ T. Mén. T™mAAaaninal Moi.1 ab.ar



226,

695 Dpstein, BsSe, Sherman, J., and Walzer, B.Z. (1948)

Radiology, 50196
696  Floyer, Sir John (1698) Treatise on Asthma, p.2.

697 Fouwrmam, P,, Reifenstein, E.C.Jr., Kepler, E.J., Dempsey,
Zey Bobtor, P, mnd Albright, P. (1952) Metabolism, 1: 242

698  Freedman, BJJe. (1963) Brit, Med. J. 2: 1509.
657~ Bdeytinpz, RJH, (1950) Secience, 112: 429.

7005 Fuleihan, Fe.JeDs and Abboud, ReTe (1968) Amer. Rev. Resp.

Dia-' 983 101.

TO1 Puleihan, F.J.D. and Abboud, R.T, (1968) Amer. Rev. Resp,
Dis. 9B: 678.

702  Gabrielsen, A, T. and Good, R.A, (1957)  Adv. Immnol., 6:91.
703  Gayrard, P. (19483) Rev, Franc. D*Allergii, 8: 34.
704  Gelfand, MeLe (1951) Hew Eng. Je Med., 2453 293.

705  Germuth, FeG., Oyama, J. and Ottinger, B. (1951)
J. Emr, Had., 94' 139.

706  Glenn, D.M., Stafford, R.0. anl Bowman, B.J. (1957) ™mdo—-

crinology., 61t 128,
707 Glick, I,W. and Freedman, M. (1969) Thorax, 24: 215.
708  Green, M, (1964) St. Thomas's Hosp. Gaz. 63: 135.

709  Guyatt, A.R. Alpers, J.H., Hill, I,D, and Bramley, C. (1967)
J. Appl. Physiol., 22: 383.

710 II~cue, N. , Thrasher, K. Werk, E,%, Jr., Khowles, H.C, Tr,



227.
and Sholiton, L.J. (1972) J. Clin. Endoorinol Metab.,
4: 440
711 Hechter, O. and Johnson, S. (1949)  Endocrinology, 45t 351.
712  Hench, P,S. (1952)  Annals Int., Med., 361 1.
713  Hervheimer, H. (1966) Brit. med. J., 21 644.

T14 Herzog, H.L., Payne, CoCe; Jernick, lM,A,, Gould, D,, Shapime,
TeLe, Oliveto, M,P, and Hershberg, E. (1955)
Seience, 121: 1754.

715 Herzog, Hels, Payne, Ce¢Ce, Jernick, M.A., Gould, D,, Shapiro,
BeLe Oliveto, B.P,, and Hershberg, HeB. (1955)  J. Amer. chem.

716 Eﬁrﬂog' HD' nllu. Ru' mm’ R-. Iihttm' HO a'nd JOOQ' Jt
(1968) Progr. Resp. Resi, 4t 194.

7 Hills, A.G., Forsham, P.H. and Finch, C.A. (1948) Blood,
3t 755

718  Hogs, JeCe, Macklem, P.T. and Thurlbeckn WeMs (1968)  New
Eh'lgo Jt M-' 287’ 1355.

719 Hoggy JeCey Williams, J., Richardson, J.B.; Macklem, P,T.
and Thurlbeck, W.lM. (1970). New Ing. J. Med., 282: 1283,

720  Hume, Kelle and Gandevia, B. (1957)  Thorax, 123 276.

721 Huffman, J. and Ellis, E,F. (1959) Je. Allergy., 43: 170.

722  Hume, K.M. and Rhys Jones, E. (1960) Lancet., ii: 1319.

723 Jubiz, Y., Meikle, A.W,, Levinson, R,A., Mizatani, S., West,

CeDs and Tyler, F.H, (1970) New Tngl. J. Med., 282: 11.

Konoshita, K. (1963) Acta. Paediat. Japan., 5: 28.



725.

726

721

728

729

730

731

732
733
734

735

136

737

738

739

228.

Larson, Dele and Tomlinson, L.Je (1951) J. clin. Invest.,
30; 1451.
Lefcoe, N.M. (1956) J. Allergy., 27: 352.

Levin, M. B, and Doughaday, W.H. (1955) J. Clin,
Endocrinol. & Metab., 15: 1499,

Levine, G., Houseley, B., Macleod, P. and Macklem, P.T. (1970)

New Eng. J., Med., 282: 1277.

Lewinsohn, HeCs, Capel, LeHs and Smart, Je« (1950) Brit.
med., J. 12 462,

Lieberman, S., and Teich, S. (1953) Pharmacol. Rev.5:285

lMacklem, P.T., Fraser, R.G. and Brown, W.G. (1965) J. clin,
Invest., 44: 897.
Macklem, P.T. and Mead, J. (1967)  J. Appl. Physiol. 221395,

Macklem, P.T. (1971) Physiol. Rev.51: 368.
MeDermott, M. (1966)  J. Physiol. London., 186:90P.

MoFadden, BeR. Jr. and Lyons, HeA. (1969)  J. Appl. Physiol.
27 452.

Mead, &., Tumner, J.M., Macklem, P,T. and Little, J.B. (1967)

Je ﬂpplo Physi()l.' 223 950

Medical Research Council report on the effects of cortisone

acetate in chiponic asthma (1956) Lancet, ii:T798.
Meisner, P, and Hugh-Jones, P. (19683) Brit. med.J. 1:470.

Melby, J.C., Dgdahl, R.He, Story, JeL., and Spink, W.W. (1960)

Tudaawminwat  ATe 8O,



740

™4

142
743
744

745

746

747

748

749

750

™1

752

154

229,

Nelson, DeH., Sandberg, Ae.As, Palmer, J¢Ge, and Tyler, F.H,.

(1952)  J. clin. Invest., 31: 243.

Hugent, Celde, Dik-Nes, K. and Tyler, FeHe (1959) J. clin,
Ende 198 526. |

Noah, JeWe, and Brand, A«Je (1957) J. Allergy., 28: 405,
Osler, W,(1896) Seience, 112 429,

Pain, M.C.Fe, 28dd Ready J. (1953) Austral, Ann, Ned. 128216,
Payne, CeBe Jr., Chester, L.He and Hsi, BePe (1957)  Aner.
Je led., 42: 554.

Pepys, Jo (1971) Idertification of Asthma. Ciba Poundation
Study Group, No.38. »n. 196.

Poterson, ReB. (1959)  Amn. N.Y. dcad. Sei., 82: 2454,

Peterson, R.%. (1950) J. olin. Invest.,, 39: 320.

Porter, Jef., Young, J.A. and Mitchell, R.G, (1970) Arch,

Dis. Child., 45: 54.

Ramey, DeRe and Goldstein, MeSe (1957) Physiol. Reve 37:155

Rees, H,A., Hillar, JeSe and Donald, K.W, (19(18) Ouart.
J. Med., 37: 541.

Ross, C.Js, Copher, D.E,, Teays, J.D. and Lord, T.J. (1962)

Amm, Int, Med., 5T7: 18.

Sandberg, A.A, and Slaunwhite, W.Re (1957) JeClin, Tndocr.

17¢ 1040,

Santisteban, G.A. and Dougherty, TeF. (1954) Endocr. 54: 130,



755

756

157
758
759

760

761

762
763
764
765

766

767

768

230

Saperia, J. (1966) Brit. nmed. J., 2: 521.

Schayer, ReWe, Smiley, ReLe and Davis, KoJe (1954)  Proc.
Soc. EID. Biol, led. 87‘ 59‘0.

Schedl, H.Pe (1965) J. olin, Endoorinol. lMetab. 25 1309,
Schwartz, B. (1959) J. Allergy., 21: 288,

Schwartz, Be (1984) J. Allergy., 25: 112.

Schwartz, BeJe, Lowell, FoC, and liclby, J.Ce (1958) An,
Int, Med. 69: 493.

Shibel, Eels and Moser, KeMs (1970)  Thorax, 25: 598.
Slaunvhite, WeRe, and Sendberg, A.A. (1956)  Fed. Proc.

15¢ 35T7.

Spencer, H. (1948) Patholoé*y of the Lang 2nl ed. Perganon
Press p.T715.

Spicer, WeSe, Storey, PeBa, Morgan, WeKeCe, Kerr, HoDe and
Standford, Nl (1962) - Amer, Rev. Resp. Dis., 863 705.
Stanescu, DeCe and Teculescu, DeBe (1970)  Thorax, -25: 581.
Thorn, G.We, Jenkins, D,, Laidlow, JeL.Cs, Goetz, F,C,, Digman,

Jo_Fog Amn, H.L.' Stm‘ten, DeH.B., and HDOI‘&G!!BH, B.H. (195-’)3)
Wow FEng. J. Med., 248: 414.

Thorn, GeVW., Jenkins, D., Laidlow, JeL.®., Goctz, F.Ce, Digman,
JeI'ey Arons, W.Lc' Stree'ten, DeHoePe and Ho(}racken, B.H. (1953,1’)
New Eng. J. Med., 248: 232.

Tierney, DeFe and Nadel, JoAe (1962)  J. Appl. Physiol. 17:1871.



769

770
771

772

174

775

776

77

778

19

780
81
782

783

Tyler, FeHs, Tik-Nes, K., Sondberg, Ashey Florenti ;,A.4,

and Sarmels, LeTe (1955)  J. Aner. Geriatrics Soc. 379.
Valabhji, Pe (1968) Clin. Sci., 34: 431.
Verneulen, A, (1959) Je BEndoerin. 18: 278,

Walton, Je, Watson, B.S. and Ney, ReLe (1970)  Arch. Int,

Yed,, 126: 601.

Weissmana, G, (1971) Immnobiology cd. Good, R. and Fisher,

D. Sinauer Asgochtes. Inc. p. 37.

 Work, BeBe Jre lacBee, J., Sholiton, LeJe (1964)  J. Clin.
Invest., 43: 1824.

West, KMy (1958)  Metabolism., Ts 441.

Willordson, DG, Mglert, Z. Jr. and Brown, H. (1955)
Clin, Res. Proc. 3:137.

Willis, Thomas (1677) Pharmaceutice Rationalis. Geneva.

Wilcock, A«Je, Vil'mnt' Nede and I-!E:iﬂklem, PeTs (1959) Je
clin. Invest., 43: 1097.

Woolcock, AsJes, Rebuck, A.S., Acde, J.F, and Read, R. (1971)

Aner., Rev. Resp. Dis., 104: 703,

Yates, PoE. (1958) Amer. J. Physiol. 194: 57.

Yases, FoBe (1958) Amer. J. Physiol. 194: 65.

Zedda, S. and Sartorelli, E. (1971)  Respiration, 28: 158,

Zuidema, P, (1965) Trana. World Asthma Conference, Bast—

borne, p. 129,






THE N.A. AGE 51 yrs. WARD 8A DATE 19.5.71.
Chronic Bronchitis.

Wiictel TEST 0%00hrs. | 1500hrs [2100hrs | 0800hrs |1500hrs.2100hrs. | 0800hrs. | 1200hrs. |1500hrs. |1800hrs |2100hrs. [0900hrs. |2100hrs.

3.99.E.V. 1050 1290 o 1450 koo 11ildo 1240 1390 125p QLﬁu 1235 1140 1200

4950y, c. 2050 2990 200 2300 17100 230 2990 31 390p 300 2790 2540 2800

PB.F.R.: 15 10 13 15 135 Y5 1$5 14 16p QTO 145 145 145

-"8.

o 2olie

5. 40 . 590 5. 00 7.1p0 _H 7.450  6.400

e
(e}
L

o o oe e

&
l%ll.

o

&

socvafocooomonmes

2,580




NAME A, ACE 43 yrs. WARD 8A DATE 30.3.71
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Table 1.

Individual body plethysmographic values obtained from twenty-si

normal subjects.

Raw Gaw Vig. SGaw
(cmHQO/l/suc) (l/sec/cnﬁzo) (1) (1/sec/an20/1VTG)
Females
Non-smokers
1. 1425 0.80 3.30 04242
2. 0.96 1.04 4.20 0.247
Je 1.41 Oa71 2.93 0.242
4. 1.20 0.83 3.22 0.257
S 1.03 0.97 3.73 0.260
6 1,20 0483 2.95 0.281
Te 1.15 0.87 3.15 0.276
8. 0.87 1.12 3445 0.333
iles
Yon-smokers
9. 0.97 1.03 4.98 0,206
10. 0.97 1.03 4.73 0.218
1. 1.14 0.88 3.97 0.222
12. 0.98 1.02 3.78 0.270
13. 1.02 0.98 3.16 0.310
14. 0,92 1.09 4.66 0.234
15 1.09 0.92 3.72 04247
16 1.12 0489 4.50 0.193
17. 1.21 0.83 3.84 0.21
18. 1.30 0.7T7 3.80 0,202
19. 1.25 0.80 4.45 0.180
20, 125 Q.30 3.62 0.220
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Table 1.
cont.
Raw Gaw Vige. SGaw
(cmHQO/l/Bec) (1/sec/euii,0) (1) (1/sec/cnt,0/Vtg)
Malcs
Non-~-smokers
21. 0.85 1.17 451 0.260
llales
Smokers
22. 1.44 0.69 3.50 0.198
23. 1.38 0.72 3.99 0,180
24. 1.60 0.63 3.50 0.180
25. 1+21 0.83 3.40 0.243
260 1._.‘4 0165 4-05 00130




AEEendix.

Table (II)

Individual values obtained from 10 normal subjects on five different

days. Analysis of variance in Table III in text.
SUBJECT Vig. Raw Gaw SGaw
(1) (enH,0/1/sec) l/sec/cmH20 1/sec/en
H,0/1/vtg
1. BJleKoF's 4.10 1.00 1.00 0.240
4.30 0.92 1.09 0.254
4.23 0.95 1.05 0.248
4.35 0.91 1.09 0.250
4.18 0.93 1.07 0.255
2. P.Ge 3.30 1.24 0.81 0.240
3.50 1.19 0.84 0.240
3.43 1.18 0.84 0.245
37 1.27 0.78 0.231
3.28 1.24 0.80 0.243
3. LdCe 2.85 1.52 0.66 0.230
3.00 1.30 0.77 0.258
2.91 1.28 0.78 0.268
3.15 1.23 0.81 0.257
2.97 1.25 0.80 0.269




Aggendix

cont. Table II

SUBJECT Vtge Raw Gaw SGaw

(1) (cmHQO/l/sec) l/seo/cmHEO 1/sec/en/
H,0/1/vtg

4. M.G. 3.40 1.20 0.84 0.240
3.20 1.30 0.770 0.240
3.40 1.22 0.82 0.241
3.62 119 0.84 0.232
3.35 1.24 0.80 0.238

5.F.M, 3.97 1.14 0.88 0.222
3.88 1.09 0.92 0.238
3086 1.10 0090 Oc 233
4.00 1.12 0.89 0.223
3.79 1.09 0.91 0.240

6. G.D, 4.63 1.02 0.98 0.210
4.83 0.91 1.10 0.228
4.68 0.88 1.14 0.244
4.68 0.92 1.09 0.234
4.50 0.88 1.14 0.252

Te JeReSe 3.22 1.00 O 1.00 0.310
3.19 0.93 1.08 0.338




AEEendix

cont, Table (II)
SUBJECT Vig. Raw Gaw Sgaw
(1) (cmH20/l/sec) l/sec/cmH20 1/sec/cn/
H,0/1/vtg
Te JeReS, 3.00 1.10 0.91 0. 302
3.19 1.02 0.98 0.340
3.21 1.04 0.96 0. 300
8¢ ReCeBs 4.40 0.84 1.19 0.270
4.38 0.79 1,07 0.290
4.68 0.85 1.18 0.252
4.55 0.83 1.20 0.266
4.55 0.97 1.03 0.226
9. AJToPs 3.69 1.10 0.91 0.247
3.78 1.02 0.98 0.260
3.60 1413 0.89 0.248
3.83 1.06 0.94 0.2456
3.71 1.16 0.87 0.234
10.D.B. 3.80 1.03 0.97 0.254
3.7 0.97 1.03 0.278
3.70 1.04 0.96 0.260
3.77 0.94 1.06 0.288
3.93 0.94 1.06 0.270




Agﬁndix.

Experiment 2.

English Translation of cxpecriment by R. Mconzies (Tentamen Physio-
logicun Inaugurale de Respiratione; Edinburgh, 1790).

A strong and hecalthy man, 5ft. 8ins. tall, measuring 3ft.
3dins. round the thorax, was securely placed in the barrel ABCD
(Figure 4), which was £ill-d with water at a temperature of 90°F. up
to that part of the man's neck which was most convenient for mcasur-
ing the ris< and fall of water. This was found to be 1.25 ins.
His arterial pulsation, both bofore and after immersion was at the
rate of A4 or 65 per mimate, his respiration 14 or 14 per mimut:,
as had been frequently not-d bofore. This remained constant for
the two hours or more during which he was in the barrel. A1l this
time he did not suffer any discomfort in breathing in and out or in
any other rospect. Indeed, throughout the <xperiment, the riae/
fall of the water was found to remain constant, viz. 1.25 ins.

When the man breathed in deeply he inhaled as much air as caus-d the
water to flow over the edge of the cylinders. As the area of the
cylinder was 55.41 =q. ins. and that of the man's ncck 18; 55.41 -
18 x 1.25 = 46.76 ¢. ins. gives the volume of air normally breathed
in by the man. This c¥periment was repeated three times, with

practically the same result. I considered it nccessary to carry
out the cxperiment to test his respiration by mcans of the bag in

case, for some rcason or other, errors might have becn committ-d.



NAME o,

AGE 41

WARD 8A

DATE

1711.70.

Prelictei TEST OR00hre. | 1500hrs [P100hrs. | 0800hrs [1500hrs|2100hrs. | 0800hrs. | 1200hrs. [1500hrs. [1800hrs |2100hrs. |0900hrs. |2100h:
3.51  *F.E.V.S 700 715 750 800 800 1000 1300 1150 850 700
4.62  SF.V.C. 1950 1900 | 2000 2100 2550 2850 3750 3700 2500 | 1950

575  *P.F.R.: 80 60 60 5 115 130 140 __ 135 100 5
6.40  SP,L.C.s 7.90 8.01 8.27 __ 8.00 7.075 ¢
~ 5 m|
4.25 V.6, * 2.10 2.42 2.92 3.55 2.65 ;s
3.35 A0 7.10 7.15 6.75 6.50 | 5.16 | §
” ; sp— S D mem— m | —
2.15 SRV, o , 5. 80 5.59 5.35 D445 | 4.425 :
2 = ‘r. .r.u...1 SSSPONICN: _—lil‘ ..‘dmll A :___l-ul-. B . s H .
*R,V./ | / I _ ] 0 6 g
ME o ipiph __ | 3% | i 6% 1 65% | h 5ok 3% &
.. LU . [T— - e I R - ! s
mwms _ 5.320 __ 5.320 : 3.320 | ” 3.690 4.380

! 2 TR e T ey perraeepprpen] (L1 JRuereRe & BT e e e e s e il L g s s ol e e e e

oo : A : : | i i i i :

_ iy h K 7.558 M H o 7.558 | 7.250 L 6.937 | 6.640

i Py : i : : e BN PR T i i ST | LR

“. ii"l]i\.lvtll.lr .r.lilv ———t —— P A, S .-l‘l.If\T. o hl..iw‘wiil..l.!'({lt‘. r— «r M : __ i w :

_ S O m i ' | 0.187 | {| 0.187 | 0.301 | | 0.271 | 0.228

IS S, WU _.._,t..wlg.._i.i.ilm..\ S amilll._.lml SINEGE : S B e Ty Im;:....a..%....ri ———— ©
‘ Staw ¢ _ ? | 0.025 m “ 0.025 1 {0,041 i _w 0.039 _ 0.034
: ‘ . A s e s i s el . 2 L e : X ? | PRGNS, | i




TAME

Dele

AGE

39 yrs.

WARD

8

DATE

4.11.

1

.lictel TEST 0%00hrs. | 1500hrs {2100hrs. | 0800hrs |1500hrs.|2100hrs. | 08300hrs. | 1200hrs. |1500hrs. [1800hrs |2100hrs. [0900hrs. |2100hrs.
2500 mw B.V m 1060 950 1000 1100 975 1250 1250 1250 1550 1800 1300 1250 1200 _
500 mw o ¢ 1270 1500 1300 1400 1450 | 1500 1550 2580 2500 2700 2100 2000 1850 w
n : : . - |
410  +p,F.R.: 160 145 140 120 165 180 180 180 305 325 270 250 200
L4500, L,C.e 5,710 5,700 5. 360 1,240 || 4.280 | 4.325| 4.5%
.90 ty.E. - 1.950 1.850 1.950 24575 2.325 | 2.300]{ 2.100
= : . o= S
LT 4.3%0 4.500 4.310 2.390 | 2.530 | 2.525| 3.290 |
o o 1 ot R A I R— V.- ARy Do ] e
— 3 - i —T vt ; : o 3
© © 3 | 4] - |
1«55 RV, & 3.760 | 3.850 3.410; b 1655  1.955 | 2,025 2.480 |
i i i o a3 B I R a0 0 . B SN SS— I (SRS P e ‘ s e
o € 1 | B ¥ 3 H
g ° {f o i " b ’ z i " »
4,87, @ w"f ‘ m 6754 i 63.5% 9% | i 467 _ 47.2% 1 54%
e .Ir..-rlumlr. iolbeeiithis _‘ o .,_. g -_m! — [ p—— .l.._..!.......l.l_!. ....m!r.. ey s ,.m,“ - : SRR .. - — .....»-w.ma..l...?,.llti’.:::!mu i __i"ulr i B | N
CDaw . | 6.144 | i H 5.580) i1 54890, 3.380 i 3.670] 3.810] 3.860
S SO . i e -J. VIl ) S T T 2 g sl s S i i e e
a s : _ { i f i ) ' i : 3
T - ..m. . 1.”.. . o - - __“ .T..,....u.w Bl oo !.iew.. = S ...n\”..... i e ; H. . Ae, o i o i e R ..!. i .I...r. et .,_1 R e,
CQaw 04162 § & L 0.179; (0,169 14295 | 10,272 ] 0.262] 0,269
iy PI e ~ : p—— N1| = .rlnlln&.!. i L L B R e Y L = .D..I! st s S v .L.m.... s i N —— mu.. SO, = .
: . | 0.036 | ¥ L 0.040 0,039, 0.118 | 0,101} 0.0941 0.075 |
: SGaw ¢ ! ! mw “ i i m { w i
ST S - | S e~ S i = s o e amremnca aczate P i i i o s S § SN T ) FA—— MEPRS  ———— Y Y SRRl (SRR —— |



NAME ACE 42 yrs. WARD 84 DATE 20.11.71

B.R.

Preilictel TEST O800hrs. | 1500hrs [P100hrs. | 0800hrs |1500hre.?100hrs. | 0800hrs. | 1200hrs. |1500hrs. [1800hrs |2100hrs. [0900hrs. |2100hrs
2600 *B.E.V.: 1400 1300 1050 1500 1400 | 1150 1500 1800 1850 1950 1750 1700 | 1700
3800  *P.V.C.: 2250 2500 2300 2600 2300 | 2250 2700 3100 3160 3400 2900 3000 | 2950
505 SP.F.Ra 200 210 195 230 215 210 225 250 255 295 275 260 250
5.750 < TeLeCul 5.800 6.150 6. 300 6.370 6.050 6.100 | 6.100
3.250 SV.6. ¢ 2. 600 3.050 3.100 3.530 3,200 | 3.200 | 3.100
3.350 SF.R.C.l 4.250 4,200 4.280 4.130 3.980 | 4.100 | 4.200

: : e ) I 1 . E— ... |
2.500 SR.V. 3.°00 3.100 3.200 2.840 | 2.850 | 2.900 | 3.000

u mm,q“\m S ’ I S L - s - _ | G
4%  im.L.C. 55.56 | 3 50.56 51% | 45% ¢ b 41.2% | 47.4% | 49.2%

” D — e o = ! | ol

_ mm?a ” | 3.52 M_ 3.68 _ “ 3.40 m 2.06 ! m 1.62 _ 2,22 2.2

I e  E B A - _ 1 T 8

¥ ” g .. ] i .u 3 _“ i

s Vig o ;o431 ' 1 4.35 m 4.64 | c4.24 o 3.54 _ 4.07 1 4.12

A i i 1”f i -.‘IJ“.-[. T A L L s |ur.I|lI\Lx. L A .W|.||-Ul! - I.Ir.“.lh —_ - w '.I.."u.l.-l.l - Al - s.'lm 4O S H(n.liw M “. ml‘ e idadiae L

> ¢ ° i ¢ § i H ; 1 i

I il TR W0 (. - W ..m 0.272{ 4 0.294. 0.484 | 10615 | 0.454 ; 0.454
: : ! 1 i W it | m |
e TR 0] i 0.083] 3 _0.063 | Lo w Osltd g Delvo } S0l



NAME ML.E. AGE 43 yrs. WARD 8 DATE 19.7.71
Preiictel TEST 0800hrs. | 1520hrs. [2100hrs. | 0800hrs |1520hrs{2100hrs. | 0800hrs. | 1200hrs. |1500hrs. |1800hrs |2100hrs. |0900hrs. |2100hrs
2750 wu.m.q.w 825 775 850 600 725 | 800 850 | 950 1150 | 1250 J| 1075 1050 | 1000
3400 wm.q.a.w 2125 2150 | 2200 1900 2150 | 2000 2100 | 2000 2850 | 3100 2600 2450 | 2500
445 wm.w.m.w 110 90 105 125 110 95 120 | 135 175 180 170 155 130
1,900 STeLaCl 5066 5.30 5.45 5,39 5,24 | 5.30 | 5.29
3.250 mq.q. 2.36 2,23 2.33 2.T2 2.56 2,55 2456
2.33 w?m.o.w 4,02 373 3.92 | 3.t 3.43 | 3.58 | 3.48
1.650 Mw.d. w_. 3.30 | 3.07 | 3.12 | ﬂ 2.67 : m 2,60 2.75 | 2.73
. c i i aris : § ; m
M 3 me”wmﬁw 587 587 1 ST.5¢ u ..-im._ 08 4945 52% | 515
e . M R T d ¥ : i
| wmma 6+ 38 | 6424 | 6401 W _ 4,03 M 4,03 | 4.15 | 4.1€
S—— b b , e 9, 2= PR
: mﬁm , 4.263 _m 4. 104§ 4.22 _ __ 3.538 _“ m 3.538 3.807 3.8
1 ; ds s acinio . ; SR _m : :
.L Gaw ¢ h 0.156 h M. 0.160 ! o.dmmw o .u.&.:-.“o,vmbm . M 04248 0.240 o.mm_
s w_ e .J ﬂ _ _wl.. s._"_ I v ki _ wm -
 iSGaw 11 0,036 NT 0,039 b 0.039] |__0.070 | | 0.070 | 0.063| 0.0¢




NAME

Tede

ACE

T6 yrs.

WARD 8

DATE

mc m-_ﬂ”

reiictel TEST 0800hre.

1500hrs

2100hrs.

0%00hrs

1520hrs.|?100hrs. | 0300hrs.

1200hrs.

1500hrs.

1800hrs

2100hrs.

0900hrs.

2100hrs.

1.8 wﬁomod.w 950 1030 1050 1000 1050 800 800 1050 1330 1500 1150 1100 900
2.2 w@.q.a.w 1650 1530 1800 1450 1800 | 1700 1700 2000 | 2350 2650 2100 2100 1900
320 Wm.m.m.w 160 180 170 170 180 185 165 210 240 265 n 220 230 185 |
- 4.0 me b.o.” 4.180 3.970 44200 44150 I 4200 | 4.300 | 4.300
| , omwﬁ.a. M 2.250 720 .,UNWMM4Mu:;. 2,300 2,200 | 2.000 { 1.800 w
2.3 :o 2.560 2,700 , .IM.@U Mr 2.500 2.600 | 2.5 | 2.650 |
T rotan M. oo | gep;+ .\,..wmuw-,_.”; ) ;uo h 200 | 230 | 250
I IR IR EIEIES
-. iﬁf.: | 5.28 3.1 Hm 61 L4 | g
W 3,07 ; ¢ | :.an w MM m.umu m 2.675 w 2,675
SRR S N L0 R S S
_ | Wil | oﬁiu i Roscd Kl
(o] fpoomj  jome| § oes]owe] oo |



MAME

Relle

AGE

13 yrs.

WARD 8

DATE

12.5.T1

ciictel TEST O0OR00hrs.

1500hrs

2100hrs.

0800hrs

1500hrs.

2100hrs.

0800hrs.

1200hrs.

1500hrs.

1800hrs

2100hrs.

0900hrs.-

2100hrs.

=
P

Ll L]

625

700

500

800

750

800

1100

1000

1100

1000

1150

800

1.80

2.30

H.o.ﬁ.oOu"

1500

1600

1650

1800

1800

2050

1950

2000

1950

2050

1750

320

P.F.R.:

105

95

150

4.15

TuL.Cat

4,100

160

140

155

110

4.340

4.440

2.25 :V.C. w 1.70 1.80 1.850 1.850 | .w 1.850 | 1.950 | 1.900
: e A
2,30 FRLC {2,770 2,970 _ m.mmm.m . m P | 3O R
1.90. ,Z,. oz w,.mmfi, R T sl .au.im.,%;
: T ; 1 !
s 2 ; 3 i ! i
L 21“- _iu 408t ; iw.. s
S
Gaw . o2 | S oemy ) G20 0242] 0.288
L Y1 I oom| | oom] oom| oon |

GSOU)...OI‘!.0.0I\IO.'.3...0.'...8$.'
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FAME  H.N. ACE 24 yrs. WARD B8A DATE  14.10.70

rciictel TEST O0R00hres. | 1590hrs {2100hrs | 0800hrs |1520hrs.2100hrs. | 0800hrs. | 1200hrs. |1500hrs. [1800hrs |2100hrs. [0900hrs. {2100hrs.
2.67 <FEVel 2550 3000 3150 2850 3000 2900
3.10 oF.JV.Cal 3200 3850 3800 3500 3850 3550
400 sP.JF.R. 350 380 380 360 365 370
4,30 <TeLeCol 4.01 4.13
2.90 :V.C. 3.37 | 3.45
2.30 +F.R.Cel 2.57 | 2.08 ! _‘.
“ 0, — - fid- .I.Ialnmn.-.._. P —y PSR- oy .A.m -k 1 = - . . . ,
140 op.y, -« 1.04 0.68 | mi
SR R . SR (=== g0 g e 1 NP, ISR, NS — S S NI RSP L i i
33% SRE Y ! ! 16t | | "
:T.L.C.c w ¥ A I . I L T
R i S e e R s - | w _"_ —
L o i | i i N IS ORI S
S . , ! i ! : : f b "
L | " i i i Ly N
: ' “ “ ; |
s Gaw ¢ : .. m r b
] Ea i e et i e R e e e B i
. SCGaw i m_ i ; ww
. s T e e S e . W S e VP “..,..-.: e - it wrnl.. i?u!.l..;li...,......i 1 e w\slt.liiz B T n.:,l.:a\n. T




I'AME B.S.

ACE

AT yrs.

WARD B8A

DATE

relictel TEST O0R00hrs.

1500hrs

2100hrs

0R00hrs

1500hrs.

2100hrs.

0800hrs.

1200hrs.

1500hrs.

1800hrs

2100hrs.

0900hrs.

2100hrs.

L] -

3400 :F.E.V.. 3000

3200

2129

3125

L] L]
4300 O:P,V.C.t 4050 4000 4050 4200 412 395¢
= - .
562 P, F.R.; 495 540 535 580 580 575
- .
6,00 *T,L.C. 5025
4.30 *V.0. ¢ 3.86 _
2.50 P R.0° 4.92 ! i
= 2 2 o - - I Y — AR | " R J e At s o . e k)
: : | | |
1.70: RV, : o i L .
.|.|....Il.y..il.«m .ia!..u.uﬂ....rpif.l. S s ey S—— . M
v SRS | i
28%  inipig.e N . | o
ll..!!...-....»h,..\i .h]...Ml - - m m
: : _ ; !
- LS S R— ..............‘)..\Il....! e — G A Rty P
™ w |




FAME D.M. AGE 51 yrs. WARD 8 DATE 1+3-T

clictel TEST O0800hrs. | 1500hrs 100hrs. | 0800hrs |1500hrs{2100hrs. | 0800hrs. | 1200hrs. |1500hrs. [1800hrs |2100hrs. [0900hrs. |2100hrs.

2.25 m.m.q.m 680 550 500
2.65 SF.V.C.: 1280 1100 975
370 SP.F.R. 120 95 70

3.72  ST.L.C.: 4.20

8,48 2¥.0. 2.50

F.R.

.
-
.
.
')
o
.
°
oo
o
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(1) M.T. 41 yrs. MAXTMUM EXPIRATORY FLOW VOLUMES . ES.

e L R T — . - m——

| 0800 hrs. | 1200nrs | 1500nrs. | 1800hrs. 2100hrs. W 0900hrs. | 2100hrs.
| O il i “ A S i !
% VC Flow in litres.

80 0.56 0.62 0.94 1.33 1.04 0.62

L T

&0 0.45 0.45 0.73 1.02 0.84 0.52

! PHSEISTIISSE. SIS [S—_

50 0.41 i 0440 0.65 0.92 0.62 0.48

o S A A e AR A > i 3 p ST s B ) i

A0 0.38 m 0.38 |  0.50 0.82 0.73 , 0.38 .

I — N — | s e
0.25 0.40 0.61 0.52 0.25

M.E.F.R! 1.1

e ] ——

1.52 2434 2.5 245 1.65

|
i s i
|

L v.c. | 1008 L 91% 91% 91% 95 94%




(2) 8D

NAXIMUM EXPIRATORY FLOW VOLUMES

e

30 yrs.
0800 hrs. 1200hrs - 1500hrs., 1800 ..m‘_oown_m_ ¢3700hrs. m._oowr.. |
-
% VC Plow in litres.
80 1.50 2.8p 3.10 3.56 3.29 ! 2.10 1.3p
60 0.9 1.4¢ 2.00 2.30 2,00 1.40 0.60
50 0.60 1.00 1.40 1.70 1.33 1.00 0.50
40 0.30 0.70 1.00 1.28 1.08 = 0.60 0.30
20 0.15 0430 0.50 0.50 0444 0.30 0.20
imibs S 08 3:5 3.84 4.0 3:4 274 2:0
6 V.Ce | 86% 83. 5% 83.5% 85% 84.5%h 95% 95%




MAXIMUM EXPIRATORY FLOW VOLUME: VES.

L B D B ———— L m———

(3) BeRe 62 yrs.

0809 hrs. 1200nrs. w 1500hrs. | 1800 hws | 2100hrs. . 0900hrs. | 2100hrs.
. “ I-.i..sl. P .. — s ¥ — I-..._,. l..- . o i e e it I.!!E.”l..l.iﬁ.ll
i o4
% VC Flow in litres. _ _
" .... t._..u. -
60 1.20 1.40 1.40 i 2.60 2.00 _ | 1.60 1.57
50 1.00 1.20 1.20 1.60 1.60 _ i 1.20 1.20
40 0.80 0.80 0.80 1.20 1.20 |1 o0.60 | 0.60
20 0.4o 0.40 0.40 0.60 0.60 _ | 0.40 0.40
| _ e
MLEFR 420 ! 480 4:80 540 ! 320 | 500 4eto
 V.Co 94% 92% 92% 90% 9% i _ 93% 967




L L —— 0 o T

T SRR

S

0802 hrs.

Ea )

i 1500hee.

SN |

1200hrs

§
r
|
—.

MAXTMUM EXPIRATORY FLOW VOLUMES

P L — A

1807

VES,

N ]

e ——— T o L L Wk o T |

5 2100hrs.

e A ——

i

Plow in litres.

SRS B 1 SO e - -

A T

. #)0hrs.

{ 2100t
A

i B

80 1.17 1.50 1.45 1.67 1437 . 1.28 Vel
| . e
50 0.50 0.75 0.75 1.00 0.86 _, _ 0.71 0.77
e
50 0.30 0.60 0.60 0.80 0.64 i 0450 0.60

0.17

0437

0.13

0.67

0.30

1.67

s

92%

S —

Ll P Sl et 82




(5)

Med e

.

L e

% Ve

Fmeem

80

e St e 2 e

&0

50

[ S ———

40

76 yrs.

MAX VUM

R b a1 B e B AT E R

| o S . S
Wlow o

FEXPTIRATORY

R

; , o ._.. e
ﬁ ¢300 hrs. m woguw | 1500hre
D o i e e S b0t

b e
L2l vl Tan

AT S R T Y A i S R A S e o Y A T M TR S A R S

e

2.12

-

2.25

ey

0.75

afrm—— e =

0.To

e e

P

o
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-

20

o

0.12
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o

e e T e

8
¥

m 2.25

it S A 4

1.00

T

FLOW VOLUMES CU.

e EUTREE

L T 0 A e R

e ot S B M AT T

8.

P o19%thns.
i L

T o e

2700hrs

i 0930hrs. “ 2170hy:
iy i

'
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5

At

2.88

1.00

s .

m
:
) 5 S
w
o

T

m.pm

e

Ap- st I e AT T e T AT

e e

e ol Y

Pt DS RC VY

1.00

102

L TS T A T s e R
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Individual resulte obtained in second stage of study.

t+Pred.Spirometric measurements from Cotes, J. Lung Function,

Blackwell Scientific Publications, 1968.
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PEFR post - Hydrocortisone.
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