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PREFACE

Imphysema is a common end disabling lung discase, It is
not necessarily generalised in distribution but freguently
appeaxs to be predominant in the apices or in the bases,

A recently developed physiological method using a
raodioactive gas has made possible the study of vegional lung
funetion and well established techniques are available for
assesaing the overall distribution and exchange of resviratory
gases. These, coupled with eareful clinical and radiological
methods, have been used in this study to identify and assess
the effect of localiged and generalised pulmonary emphysema.,
Comparison of these methods of exemination in a number of
patients suffering from emphysema comprises the main subject
matter of this thesis. It is bhoped that observations made in
this way will assist the physician to a better understanding
of the different forms of the dimease end the resulting functional
effect.

Chronic bronchitis caunot be ignored in this study as ii
frequently complicates emphysems ox is eomplicated by it., The
funetional effects of bronchivis, like emphysema, are severe
alrways obstruction and an impairvment of gas exchange within
the lung. At present there is no radiological or clinical
evidence that the cffeets of bronchitis arve leecalised., It is

difficult with present technigues to separate the effects of



emphysema from bronchitis when the two diseases occur together,
Therefore, I have tried to evaluate regional and overall lung
funcetion in selected cases where there is bronchitis but no
evidence of emphysema and emphysema but no bronchitisz, ‘By
comparing the two groups I hoped to find the functienal effects
of these diseases separately.

As the aetielopy of emphysema is unknown and the nature
of the lesion destructive, physicisns can only ebserve and
try to prevent complicating infection, Jn some cases evident
localigation of the disease attracts the possibility of
surgical intervention, PRemoval or plication of the affected
lung are procedures which are underitaken in this type of case,
The eriteria for selection of patients, the rationale of the
venture and the outcome have not been established, I intend
to consider these problems in the light of the results of
gtudies done on a few patients before and after operation,

As there are several different aspeets of this study

each will be considered in a separate chapter with presentation

of the relevant results and discussion. Jor convenience the
tables, figures, appendix with all the data and bibliography
are contained in a sepavate volume,

The woxk was done at the Inatitute of Diseases of the Chest
and the Brompton Hospital, lLondon, where I held an appointment as
research assistant, Full scknovledgement of help and advice

from colleagues is placed at the end of this volume,
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HISTORICAL, NOTES

it has been my privilege in the past year te have ready
access to a formidable and interesting eollection of historical
material on ecmphysema and bronchitis, Due to this I have been
mogt impressed by the clinical knowledge of these diseases
displayed by the 18th and 19th century physicians, 1 propose
to deal only with the early accounts in this chapter and intend
to highlight some of the most interesting parts of my reading
and those which have a bearing on the subject matter of the
thesis,

RenéiThéaphile Hyacinthe Laennec (1781-1826) undoubtedly
gave the mest complete and clear eliniecal and pathological
description of emphysema in the monograph "De 1'Auscultation
Mgéiate“. He was the first to distinguish between the intev—
lobular and vesicular foyms of the disease and established it
as a clinical and morbid anatomical entity., He described
the macrosecopic appearances of the lung and compares the
diffevent sizes of distended alveoli in the fellowing way
“gelle du plus grand nombre ééale oun surpasse un peu le volume
d'un grain de millet; quelques-une atteignent celui d'un
grain de cﬂbnevia, d'un noyaun de cerisge ou.ngﬂm d'une f%ve
de haricot ...,, "

He steted alse that "euphysema may affect both lungs

at the seme time, one only, or part of ome ox both".



Contained in the four illustrative cnses he described ave
three where the emphysema was distribubted in the following
menner - 1) “the great part of the right lung and the lower
lobe of the left", 2) "the right lung and only part of the
left". 3) "the whole of the left and the upper and middle
part ef the right",

Clinically be deseribed dyspnoes as being the most
striking feature and distinguished it from asthma by the
sentence ,... "In it the respiration is habitually impeded
but is apgravated by occasional paroxysmg which are quite
irregular in their reiurn or duration" ..., 1In this way
he also recognised the attacks of breathlessness from which
a patient with emphysema fregquently suffers.

He was cognisant also of the frequency of bronchitis
accompanying emphysema and stated "In all the cases I have
scen there was a slight degree of habitual cough with only
s#light mueous expectoration”,

Laennec invented the stethoscope and degcribed the
augcultatory findings in the normal chest end in patients
suffering from emphysema., He attributed the respiratory
nurmur to “"the entrance of air inte and its expulsion from,
the air cells of {the lungs" and not to conduction of sound
from the larger bronchi through the substance of the lungs
to the ehest wall, He deseribes the breath sound in emphysema
as "inaudible over the greater part of the chest, and very

feeble in parts where it is pudible". However, he "found it



difficult {to account for the absence of the sound of
regpiration in a disesse which consists essentially in
dilatation of the air cells and in which consequently there
existe more air than is wsunl in the lungs"., He concluded
that the bropchi may be temporarily obstructed and by doing

80 inferved the presence of "alr trapping" as it is frequently
referrved to to-day.

The stethoscope was viewed in a dubious but now rather
amusing light by Sir John lorbes, the translater of Laennec's
work into English in 1821 {thusie

"Fhat it will ever ecome into general use, not withstanding
ite valuey; 1 am extremely doubtful; because its bheneficial
application requires much time ond gives a good deal of
trouble both to the patient aund the practitioner; and hecause
its whele hue and character is foreign, and opposed to all
our habits and asgoeciations, It must be confessed that there
is something even ludierous in the picture of a grave physician
formally listening through a long tube applied to the patients
thorax, as if the disease within were a living being that
could communicate its condition to the sense without. DBesides
there is in thisg method a sort of beld claim and pretension
to certainty and precision of diagnosis which cannot at
first sight, but be somewhat startling to a wmind deeply
versed in the knowledge and cexrtoainties of our ari and to

the calm and ecautious philosophising to which the English
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Physician is accustomed",

This is such a contrast to the situwation to-day that
it shows how very dangerous it is to veniure prophetic opinions,

Sir Jobn Torbes was a graduate of Aberdeen University
who later studied surgery in Fdinburgh., He and C,J,.B, Williaus
were the first consultiing physicians appointed at the Brompton
Hogpital in 18406, The latter was a graduate of the University
of Idinburgh and' had worked with Laennec for 15 months earlier
in his carcer when he sketched the great man (fig, 1). In his
antobiography he says that although he had a high regard for
Laennee .. "In hearxing his attempted explanations eof several
of the phenomena of anscultation, I soon found that his
knowledge of accoustics was by no nmeans profound: and eclever
a8 he had been in teaching the signs empirically, he was not
equally successful in explaining them rationally .."., Williams
later wrote a book on the .. "Rational Lxposition of the
Physical signs of Diseases of the Chest" (1835) to help the
understanding of ausecultation, In it he described the
properties and mode of conduction of sound waves, and ohserved ,,
"There is a considerable difference in the intensity of the
sound of respiration in different individuals; and this depends
partly on the thickness of the parietes of the chest but
principally on the degree of activity of the respirsatory
function®., By tke term "respiratory funection" I think Dr,

Williams referved to ventilation, and if go I find this comment
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particularly interesting as I intend %o compare the intensity
of sound of vrespiration in parts of the lung to the underlying
ventilation,

Before Laennec there were several morbid anatomical
descriptions of emphysema of the lungs which deserve some
mention, Bonet (1679), Fleyer (1717), Huysech (1727) and
Morgagni (1761) outline patholegical appearances which may
well have been emphysema but it is confused with asthma,
simple distension and emphysema in its subcutaneous form.

Two English descriptions are of particular interest. Matthew
Baillie, the nephew of John and William Hunter, wrote the
first text book on morbid anatomy published in Britain in
1795, He had inherited a large number of specimens from
John Hunter and says in the introduction that it gave him
"more than ordinavy opporitunities for exemining morbid
atructurea", In this beok under the subheading "Air cells

of the lungs enlarged® he writes "{he luungs are sometimes,
though I believe ravely, formed into pretty large cells so

as to vesemble the lungs of an smphibious animal, O0f this

I have seen three instances", An exemple of what he is
referring to is contained in a volume of illustrations
published at the same time whieh were drawn by William Clift,
Although I have not seen the original plate, the lung is
evidently severely affected by emphysema, An added interest

is that the lung mey be that of Dy, Sawmuel Jobnson, the
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litevary gentlemen (Bishap, 1959) whose vavious maladies
throughout life can be fitted into a clinical picture of
emphysema (Larson, 156%).

Bven earlier — in 1764, Sir William Watson, a Scotoman,
who is mainly remembered for his contributions to eleciricity
and who gave the lulte of Cumberland an electric shock from
the point of the sword be used at Cullodemn, gave "an aeccount
of what happened on epening the body of an astbmatic pewrson®
to the Royal Seciety, Although the lungs were described as
being "enormously distended with air which no pressure could
forece back through the wind pipe ..... in several parts the
air had formed large bladders™, as the patient was only
28 years old and had a short history of only two months of
breathlessness 1 think it is doubiful that this is emphysema
but may have been distension due to status asthmaticus,

Aftef Laennee there was a great deal of discussion
between Dy, Williawm Tennant Galrdner (1850) and Sir William
Jenner (1871) about the setioclogy of the disease nearly all
of which is speculation, Gairdner was the first to consider
bronchitis in relation to the formation of emphysema and
postulated thet the combination of bronchial obstruetioen
and increascd inspiratory pressure was xesponsaible for
alveolar dilatation, He described 40 eases of emphysema
and in every case there was “"some node ox foxm of condensation

of the pulmonary tissue", (i.e. evidence of infection). ILdward
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Greonhow (1878) agreed with Gairdue: and wrote "Iwphysema
sometimes precedes bronchitis, at other times is concurrent
and at others is part of a bronchitic complication",

Another acute elinlcal ohgerver in that era was Samuel
Jones Gee (183%9-1911). He was a general physician who published
a colleetion of papers entitled "Medical Lectures and Aphoriems®,
He hed an outstanding gift for succinet deseription of
elinical pictures and dilemmas without getiing lost in a
morase of detail and curvent arguments,

He describes the progressive dyspnoea of emphysema
thust- “A man about middle life boging to suffer from slipht
shoritness of breath on exertion; he is short of breath, that
is to say the patient cannot ingpire so muech breath as he
seems to need, in a sense like that in which we say that a
man 18 short of money, His breathlessness increases glowly
and insidiocusly wntil his breath is always short; but no signs
of dyspnoea, no laboriouns or extraordinary movements of
regpivation, ave appavent se long as he is at rvest, not until
he makes some effort such as that of talking or moving the
body. In cases still worse dyspnoea persists even when the
paticent is at rest. The dyspneeca of emphysema is liable to
pavoxysms in which the shortness of breath becomes very
distressing. These pavoxysms are induced by any effort, such
as harrying oy even no more than gstraining at stool, raising

a foot to enter a carriage or 1lifting an arm to shave, A
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paroxysm will sometimes cccur during sleep and will suddenly
aveke the pnatient or will sometimes oceur just as he is
falling off to sleep, The mere taking of food may be enough
to provoke an attack ~ go will the temperature of aiy breathed
such as gceurs on leavisg a hot room,"

This deseripiion could not be improved upeon to-day and
shows how carefully he musit heve observed hisz patients and
listened to their histeries, Only last year Professor Comroe
(1966) put forward a plea to describe the syuptom of
breathlessness faithfully in the subject’s or patient’s own
words and net invaviebly call it Yexertional dyspnoca',
Although early descriptions of symptomatology are at times
wordy they compare very favouvably with the terse and iri:n
phases employed to-day in hospital records,

Dr, Gee was also aware of the cliniecal dilemma pyesented
by the potient with emphysema who also has bronchitis and
deseribes it well ,,,. "We epre met at the outset by the fact
that most of these patients suffer from manifest bronchitis
also, These complex cases are not suitable for our present
purpose; we cannot disentangle the symptoms of the two diseases
80 as to be able to say - this is due to emphysema and this
to bronchitis; whilst as to the physical signs of emphysema
there are none, except in advanced cases, which are always
complicated with bronchitis., If we require instances of emphysema

quite unattended by catarrh, such instances are not te be found .,."
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I intend in this thesis to attempt to disentangle the
functional aspecis of the iwo diseases but had the greatest
difficulty securing patients with emphyscma "quite unattended
by catarrh", Indeed, Dr, Gee may well be right and agree with
Thurlbeck and Angus (1963) who found that the pathological
changes in the bronchial mucosa were present in all patients
with emphysema, Some autherities now believe thexe is such
a thing as primary emphysewo where there is nov bronchitis
(Seebolm mnd Bedell, 1963; Seadding, 1963),

To illustrate the incidence of emphysema Dr, Gee guoted
the figures at St. Bartholomew's Hospital from 18941897,

In 9,928 admissions, 165 or 1+60% were clinically believed
to have emphysema but of 1,363 autopsies performed in ibhat
period 154 (11+3%) showed evidence of pathological emphysema,
iy reaction to these figures is that clinical emphysema was
ag difficult to diagnose then as it is now, It must also be
borne in mind that the clinical diegnosis was unaided by
radiology and the pathological examinations conducted on
uninflated gpecimens of lung.

The word "bronchitis" was used first by Dr. Charles
Badham in 1814, His definition of the disease was:- ,,."it
is an inflammatory affection of the secreting membrane
which lines the bronchial tubes; it is liable to end like
other inflammations, in the production of purulent fluid, ox
move frequently in an excess of the natural secretion of the

parts; and death in either case may be occaslioned by the
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mechanical cehstruction which ensues, or by the impediment
produced to the reciprocal operations of the air end of the
bloed upon each other; a state of infinite hazard, from which
scarcely any patient is found to recover",

This is a clear description of increased bronchial mucous
production and of the venﬁilation/perfu&ion disturbanece which
is marked in bronchitis and is the physiolegical concept which
may underly eventual cardiovespiratory failure.

Badham deseribed the morning cough in chronic bronchitis
with attending bouts of pavoxysmal cough as the chest is
irelieved of the secretion whiech has accunmlated during the
night", This is now used as one of the basic requirements
for the diagnosis of bronchitis (Medical Research Council, 1960),

Before Badham Hippoecrates described pectoral catarrhs
and noted the tendenecy to end in suppuration, Aetius (e 450)
and Actuarius (¢,1300) alse described excess secretion of
the bronchial passages which they referred to as "confluence
of humours”,

Samuel Gee in hig usual sensible fashion thought that
bronchitis was "the commonest disorder at all eges in the
Inglish people in all ranks and conditione in life", an
ohservation which stends very firm to-day. le rvemarked on
the paucity of attention bronchitis atiracts on a post mortem
table, "where only the severe forms of the discase are recopnised

without much more minute examination of the bronchiasl tahes
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than they usually receive", This is a point well taken and
it is only recently that the pathological mieroscopic picture
of the goblet cells and mucosa of the bronchi has been investi-
gated by Deid (1954) mo that less severe Torms of brenchitis
may be recognised, As for the aetiology of the disorder
Dr. Gee remarked ,."There are no more potent causes of chronice
bronchitis than alcoheol and tobacco®,

In conclusion it can therefore be said that the clinical
and pathological picture of emphysema was well recegnised
and the symptoms and course of bronchitis defined before 1900,
The freguency of occurrence of these discases separately and
together had been noted and the dilemma of separating their
_clinical effects was quite well known, The aetiology had
been discuased, Laennec had described the generalised and
move localised forms of emphysema snd the problem of
diagnosing emphysems during life had been well stated,

These diseases still occur frequently to-~day and many
of the preblems encountered by'the:18th and 19th century
physiciasns still exist, In the intervening years interest
in these disorders perhaps lagged but during the last 20
years a'publication explosion has occurred which seems to
inerease in intensity and origineates from epidemiologists,
pathelogists, physicians, surgeons and physiologists alike.

The modern approach to medicine is more technical and
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peientific but elinical observation remains very importont,
There iz a striking contrast between the medieal paper of
to-day and that of previous centuries, Faets, figures, graphs
and statistics are required to prove a point but these are
"not always applied in a meaningful way to biological problems
in modern medicine, Indeed frequently Siy John Porbes'
eriticism of auscultation can be applied to the conclusions

a8 being a "bold claim and pretension to certainty .....",

In his time illustrative cases and the opinion of an experienced
physician were adequate grounds for medical knowledge., 1
think the ideal situation lies between these two extremes

and hope that the following thesis will be in keeping with this,
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INTRODUCTION

The Definition of Emphyveema,

In recent years it became evident that the term ‘emphysema’
was being used loeosely in clinical medicine by physicians,
rhysiologists and radiologists to deseribe a type of respiratory
funetion disturbance go that the diagnosis bhore little constant
relation to the patholegical findings, Digturbed by this
gsituation a group of specialists in these fields met in 1958
at the Ciba Guest Symposium, They defined cmphysema as "a
condition of the lung characterised by an increase beyond the
normal in the size of the air spoeces distal to the terminal
bronchioles, with destructive changes in their walls", They
further recommended that "clinical use of the word emphysema
should only be regarded as presumptive evidence and should
only be applied to those cases in which in the observers opinion
the defined anatomical changes of emphysema can confidently be
asserted to be present", These, or very similar, definitions
have gained wide acceptance, (American Thoracie Society, 1962;
World Health Grganiaation? 1961). This symposium was an important
milestone partly becaunse il encouraged comparison hetween the
findings during life with morbid anatomy and partly becnuse
it indisputably defined emphysema in pathologleal tovms,

Certain pathological types of emphysema are recognised

according to the characterigtic diatribution of the increased



size of the air spaces within the acinus (which is the respiratory
unit distal to the terminal bronchicles and includes the
respiratory bronehioli alveolar duets and alveoli)., These
are: panacinar, periacinar, centrigeinar {(or centrilebular)
and irvregular., Neot all types of‘emphysema are necessarily
associated during life with disability due to breathlessness
and impairment in respiratory funetion with airways obstruction.
By defining the disease according to the size of the air spaces,
emphyasema now includes a variety of discases of different aetiology.
To illustrote this and to distinguiah those types of emphysema
with airways obstruction from those without Heid (1965)
classified emphysena as in fig, 2.

Although Dr, Reid believes that centriacinar ewphysems
does not cause air trapping, airways obstruction or disability;
there are some who would disagrec with her, (Sweet, Wyatt,
Fritsch and Kinaella (1961); Bates (1965); Cournand (1965).

It is with emphysema associated with irreversible
airwvays obstruction that this thesis is meinly concerned; in
particulay primery or essential emphysema and emphysems associated
with chronic bronchitis {see fig, 2), Imphysena as found
in wnilateral transradiancy has also been studied but will be
called "unilateral trensradiancy" hereafter to distinguigh

it from the other forms,
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The Clinical Definition of Dmphyvooma,

The presumptive clinical diagnosis of emphysema is clearly
diffienlt ir anatomical changes are to be asserted to the present,
There are only two means of observing the anatomy of the lung
during life, one is during o surgical operation or with a
biopsy specimen, and the other is by rsadielogy. Surgiecally,
enly the exterior of the lung can be seen and the distribution
of emphysematous bullae within can only be pguessed. A biopsy
reveals the microgcepic structure of a very small sample of
uninflated lung tissue which wmay be o poor representation of
the whole and indeed may be wholly misleading both as to the
type of emphysema present and its distribution., Radiology offers
a complete view of the lumgs,; the enclosing chest wall and
diaphragm,

Mony obmervations separately, or in combination, have
been used to diagnose emphysema on the radiograph by different
authorities, Among those under consideration have been the
flattening and lowering of the diaphvagm, the movemenlt of the
diaphragm between inspiration and expiration, the narrow vertical
heaxt, the dilatation of the pulmonary artery, ithe size of the
retrogternal translucent zone, the widening of the rib spaces,
hilar pulsations, mid-lung vessel size and peripheral vascular
loss,

whitfield, Smith, Richards, “aterhouse and Arnott (1951)

found that "flattening, depression and reduced expiratory
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diaphragm excursion was good radiological evidence of emphysema"
but did net compare these findings with patholozy. Laws and
Heard (1962) concluded that the observation of “"straightening
and stretching and & premature veduction in calibre of the
Srd., to Hth division branches of the pulmonary artery was
the wmost reliable criterion for the diagnosis of cmphysema
radiolegically", By contrast, Sutinen, Christoforedis,
Klugh and Pratt (1965) required two of the following four
observations to be present, viz, flatness of diaphragm, lowering
of diaphragm, deep retrosternal space and irregularity of
translucency,
Simon (1964) described three eriteria for the diagnosis
of empbysema namely excess ol alr in the lungs, cardiovascular
changes and bullae., Contained in the first two of these
criteria are a combination of objeetive measurements and
subjective observations in the manner shown in fig. 3. The
diagnosis of 'generalised' or 'widespread' emphysewa was made
vhen all three or only the firsgt two of these eriteria were
fulfilled, "Localised" emphysema was said to be present when
bullae (localised, relatively transradiant areas with few or
no vessel shadows) were present but none of the other eriteria.
To verify the different criteria described the pathological
findings have been compared with the radiological diagnosis,
(Laws and Heard, 1962; Nicklaus, Stowell, Christisnsen and

Renzetti, 1966; Reid end Millard, 1964), Only the latter group



typed the emphysena, girraded the gize of the "holes" and
deseribed the distribution of these 'holes®, They reported
that grodes 3 and 4 panacinar cmphysema were present in at
least 4 to § of the lung slice taken through the hilum if
‘genevalised' emphysema was diagnosed radiologically using
Simon's (1964) criteria., Grade 3 emphysema was found to be
present in the affected lobe of all the 'localised' radiological
group. With thia evidence 1 have accepted the presumptive
¢linical diagnosis of emphysema on radiological grounds using
these criteria; it is possible by doing se to fulfil the
Ciba Symposium definition,

It is my intention to investigate the funetional picture
in 'genevralised' and 'localised'! emphysema, In addition teo
define the relationship between lung function tests and some
of the separate radiological findings portrayed in figure 3.
The general picture of structure and funetion during life in
emphysema will then be more complete and a basis may emerge
for a clearer functional evaluation of an individual chest
radiograph,

Symptoms and Signs in Emphysema,

Dr. Gee remavked "as for the clinical signs of emphysema
there arc none", Christie (1944) presented evidence that the
symptom of breathlessness on exertion was present in 78%

of proved pathological cases of emphysema but the physical
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signs of emphysemn displayed "in a neat array” in texthbooks
were uwareliable, In particular, the barvel chest phenomenon
is not pecessarily associated with emphysema {Cabot, 1927;
Davidson, 1936}, Laennec, in advocating the use of the
stethoscope, advised that the new art of auscultation should
he learnt in heospital where the morbid anatomical changes
which produce the faint breath sounds typical of emphysema
could be observed and confirmed, Auscultation is now an
accepled mode of exsmination by every physician in this
countyy and it would be interesting to know bhow the intensity
of the breath sounds bheard compare with the ventilation of
the underlying lung, This I have attempted to do as an
enguiry into the validity of the obserxvation of the intensity
of the breath sounds in emplhysema.

Lung FPunction in Imphyvsema,

Studies of lung function have heen done for many years
by different investigators (Hutchinson, 1846; Meakins and
Davies, 1925), Measurcment at the mouth of inmspiratory and
expiratory flow rates, static lung velumes, diffusing capacitly
for carbon monoxide, mixing efficieney end airways resistance
are now commonly used procedures in heospital practice, It is
known that in emphysema there ave poor expiratory flow rates,
usnally a low vital capacity, an increased residual volume and
funetional residuasl capacity, & low diffusing capacity, poor
mixing efficiency end a high airways resistance (Christic,

19443 Baldwin, Cournand and Richavds, 1949; Forster, 1957).
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The airways obstxuction usually affects most of the
lower airways and is ivreversible by bromchedilator therapy.
Partial clopure of the airways results in uneven distribution
of inspired goses and uneven ventilation to bleod flew raties
within the lungs,which way give rise teo arterial hypoxaemia,
hypercatbia, and yeapiratery insufficiency.

The Loecalisation of Function,

facroscopically there often appears to be a tendency
for the alr spaces in emphysema to be more numerous in one
part of the lung than in others, (Laennec, 1819; Anderson & Dumnill, ,
1964), Until recently the only methods available for the
physician to discern the distribution of emphysewa during life
were the comparison in the different parts of the chest of
the intensgity of the breath sounds, the radiologieal appearance
0f the mid-lung vesselg and in some centres bronchospirometry.
The medern technigue of bronchospirometry was introduced
by Carlens (1949) who used a double lumen intrabronchial
catheter to measure separately the ventilation and oxygen
uptake of the lunge. In 1955 Mattson and Carlens with o
triple lumen cathetexr were able to make similar measurements
from the right wpper lobe separately from the remainder of
the right lung., Smaller, and eonsequently easier to intreduce,
less uncomiortable catheters have also been used (Martin,

Cline and Mavshall, 1953; Martin, Marshall and Cline, 1953).
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These made possible the study of ventilation and blood flow
in every lobe of the lung if used im conjunction with rapid
gas analytical techniques (Martin and Young, 1957; Weet and
Hugh-Jones, 1959, 1961).

Surface counting of radioactive gases, in contrast to
gas sampling methods, require no intubation and enable the
topographical distribution of ventilation and perfusion to be
defined without the dictation of the exigencices of the bronechial
tree, This is preferable as the perfusion of the lung has been
shown to increase from top to botbom and is influenced by
gravity (Westy 1962; West, 1966), Soluble oxygen 15 (015)
and oxygen labelled ecarbon dioxide (61503) have been used,
The count rate after a single inspiration of these gases is
proportional to the ventilation and voluwmne of the counting
field and the clearance rate of the goluble gases during
breathholding measures regional blood flow, (West, Holland,
Dollery and Matthews, 1962). 013 iy prepared in a cycloetron
and has a half life of only 2 minutes which limits its clinieal
application,

133

The use of peorly soluble Xenon (1}5Xe) in measuring

regional ventilation was piomeered by Xnipping, Dolt, Venrath,
Valentin, Ludes and Endler, (1955), Later, the methed was

modified to measure regional perfusion also by Ball, Stewart,
133

Newsham and Bates (1962), Xe has a longer half life than
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015 or ﬂ15029 and being less soluble can he used with a
rebreathing procedure so that dynamic events of ventilation
ean be observed under more physiological ecircumstonces than
during breathbolding.

Bronchospivrometry, lobar gas flow and radioisotope technigues
have been used for extracting basic physiological information,
Radioimotope studies have alse been reported in a large variety
of localised lung conditions such ag cysts, fibrosis,
bronchiectasis, neoplasme, pleural effusions, uwnilateral emphysema
and pulmonary emboli (Ball, Stewart, Newsham and Bates, 1962;
-Dollery and Hugh-Jones, 1963), Only one group (Benﬁivoglio,
Beevrel, Stewart, Bryan, Pall and Bates, 1963) have studied
emphysema in more than a few patients.

Measurement of regional lung function hasg been done in
this study with 133Xe in an attempt to be more precise about
the localisation of emphyaema and to lead to a better understanding
in the interpretation of the elinical and radiological features.

Regional and Total FPunetion,

nesentially, the funetion of the lungs is to closely
assoclate bleood and gas in such a way as to allow complete
arterialization of wvenous blood by exechange of oxygen and
earbon dioxide, It depends on the ability of approximately
300 million alveoli to do this, and on the air conducting
passages to convey air aeffieiently to the gas exchanging avea,

In the healthy lung these alveoli are ventilated and perfused
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individually in appropriate emounis so that the svmmated gas
exchange results in normal avterial blood gas tensions,

The ventilation/perfusion concept has been known for 50
years and theoretically and gualitatively it has mol changed
since Haldene, 1922; Kvrogh and Lindhard, 1917, wrete clearly
on the subject. However, the quantitative approach which
requires o prediction of the gas composiition of the alveolus
for any given ventilation and perfusion composition, oviginated
in reennt years, (Riley and Cournand, 1949; Riley aund Cournand,
1951; Hahn and Pehri, 1965). This presents a great challenge
due to the nuwmber of alveoli in the lung and the spectrum of
ventilation and perfusion (V/Q) vaties in them, In addition,
West (1962) has shown a five-fold increase in V/{ raties from
the tep to the bottom of the normal upright lung mainly due to
a nine-fold increase in perfusion topographically., ‘These
differences between ventilation and perfusion are reduced with
exercise so that there is o morxe even digtribution from tep to
bottom of the lung., Hegional differences in gas exchange and
arverial blood gas tensions at rest under these circumstances
is unaveoidable in normal subjects, but overall gas exchange in
surprigsingly unaffected,

In the emphysematous lung the situation is even more
complicated, The large underventilated air spaces have a very

low V/Q ratio {Briscoe and Cournand, 1962). They are under
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perfused in relation to volume and over perfused in relation
to ventilation, Therefore, in emphysema there is an even wider
speetrum of V/Q ratios due to these spaces than in normal subjects,
while the topographical differences exist as well,

Surface counting radioactive gas technigues measure the
summated ventilation and perfusion of an uwnknown quantity
of alveoli which probably amounts {o millions in each region
surveyed, Some of these will have p high V/Q ratio and others
a very low value, To compute the contributions ef these
separate alveoli to tetal gas exchange topographieally in the
presence of emphysema presents aminsurmountable problem ot
present, However, it is possible te identify wegional
dysfunction and on basic principles it would seem that total
gas exchange is influenced in emphysems by the amount of
lung involved,

In this study I intend to consider regional patterns of
dysfunction in patients with emphyseme side by side with overall
lung function and gas exchange., In this way it is hoped that
gome relationship between the two will be displayed and if so
some lighl may be thrown on the difference in function shown
by different patients with different distribution of emphysema,

Cange, Course and Treatment of Fuphysema,

The aetiology of ecmphysema remains unknown, The many

attempts which have been made to produce the pathological
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change experimentally have been reviewed by Fiseman, Petty

and Siden (1959) but all failed to produee much more than
acute diatension or overinflation of the lung, There is

& possibility that primary emphysemna may be detevmined hy
genetic faectors and the familial eceurvence of the discase

has been demonstrated in a review by Hurst (1959), Until
recently no one genetic protein or elastic tissue faetor has
been identified in an affected family or even in an affected
individual, In 1964 Eriksson described a family with a
previously unknown type of dysproteinaemia in which there was
o marked reduction in one of the main components of the
electrophovretic fractian"‘antitrypain. This abnormality
appears to he assocliated with severe primary pulmonary emphysema
but theye is insufficient evidence at present to be absolutely
conclusive,

The ccourse and progression of emphysema has not been
studied intensively to my knowledge, with the notable exception
of the studies of Simpson (1958, and unpublished data). Although
an insidious onset and gradual progression to complete disability
appears to be the ease, the radiologlcal appearance is seldom
seen to change in serial radiographs, and has been reported to
remain the same for 10 years (Simon and Medvei, 1962; Simon

persenal commmnication),

Thus we are feced with a disabling disorder in which the

cause and course is unknown, Drugs, such as bronchodilators
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end cortico-sterelids, as & rule give little relief to the
patient who is acutely dyspnoeic., Apart from prevention or
prompt treatwent of infections, should they occur, the physician
can do little, It is in this situation thet surgery has been
congidered and any alleviation of the patient's symptoms under
thege circumstances secemeg acceptable treatment,

It has been postulated that rewmoval or plication of
localised relatively avescular air containing spaces in the
lungs of thesge patients may allew more norxmal lung to expand
to £il]l their place so that the relaxation pressure in expiration
will be greater and there will be less tendency for airways
to collapse and air flow obstyuetion will be relieved,
(Campbell, 1958; fugh~Jones, 1963), In addition, the ‘wasted’
ventilation of pooxrly perfused lung substance will be reduced.

Unfortunately, after thege procedures surgeons on the
whole geem to be content with 2 subjective assessment only
and there is a lack of convineing ebjective evidence that
surgery is of eny assistence in cmphyoema, (Knudson and
Gaenslery, 1963). Jew functional studies have been done and the
eriteria for selection of patients for surgical treatment are
not yet evident, So I have attempted to consider these matters
and have studied some paticents post operatively,

Chroniec DBronchitis,

Chronie bronchitis, the disease described by Badham in

1819 has lately been redefined as "a condition of recurrent



excessive mucous secretion of the bronehial tree" (Ciba Guest
Symposiumy, 1959). The pathological findings of mucous gland
hypertrophy end hyperplasia of the mucous producing elements

of the bronchial tree have been described by Reid (1954, 1960),
A statigtically sipgnificant relationghip exists between this
change and the incidence of smoking or productive cough (Field,
Davey, Reid and Roe, 1966) but there is mome degree of overlap
between the pathological chenge fownd in patients who have a
productive cough and these who have not (Thurlbeclk and Angus,
1963). These changes cannot be seen in a bronehial biopsy

and there is no elinieal sign whieh pertains only to bronchitis,
g0 chronic bronchitis is diagnogsed duving life by histerieal
means and by obserxvation of the sputum produced, It has heen
stated that any patient with a produetive cough which occurs
every day for more than % months in the year foxr more than

2 years is suffering from chronic bronehitis, (Medical Nesearch
Council, 1960), Defined in this way breathlessness or airways
obstruction is not necessarily present, On the other hand,
chronic brouchitis alone can be a fatal disease withwry

severe aivways obstrucition and cavdie-respiratory failuve
(Badbam, 18143 Simpson, Heard end Lows, 1963), To distinguish
this from a eimple increasc in volume of mucoid bronchial
seeretion sufficient to cause expectoration, the Medical Research
Council Committee on the Aetiology of Chwvonic Bronchitis (1965)

have suggested thal when chronic bronchitis is accompanied by
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persistent widespread narrowing of the intrapulmonary sirways .
causing inerveased vesistance to air flow it should be called

chronic obgtructive bronechitis,

Chironic Broanchitis and Dmphysenma,

As earlier observers had noted chronic bronehitis
frequently occurs in a patient with emphysema. In such a
patient the clinical dilemma so beautifully stated by Dr. Gee
of distinguishing between the signa of the two diseases confronts
the physician and the separation of functional effects challenges
the physiologist, Because of this throughout this study of
patients with emphysema, particular sttention has been devoted
to the presence oxr ahgence of chronic bronchitis. In addition,
severely disabled selected patients who suffer from either one
or other of these diseases have been compared in the hope that
any c¢linical and functional differences between them will be
exaggerated, This has been done before by ¥Fletcher, Hugh-Jones,
MCNieel and Pride, 1963, and their work will be compared with
the data presented,

Unilsteral transradiancys- The appavent localisation of the

larger air spaces in this disorder and the different possible
aetiology distinguishes it from other forxms of emphysema. TFor
these reasons it was particularly studied and in conaidered

geparately,
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MATERTAL AND METHODS

SELECTION OF PATILNTS

Pour grou;s of patients were studied. They were
gelected in the following manner,

Group It~ Fifty patients with definite radiologieal

evidence of localised or generalised emphysema uging

the eriteria of Simon (1964), Contained in this group
were lh patients who later had a thoracotomy for
emphysematous bullae, They will be called Group Ia,

Group IX:- Light patients with chronic obstructive

brounehitis, (Medical Research Couneil Committee on

the Aetiology of Chronic Bronchitis, 1965; Scadding,

1966) who had no radiological evidence of emphysema,

Group Iii:- Seven patients with the clinical and

radiclegical syndrome of unilateral transradiancy

described by Macleod (19%54),

None of the patients were studied if there was any
evidence of infection in the spute macroseepically, asigns
of overt heart failure or reversibility of airways obstruection
after isoprenaline inhalation,

The patients in Group Ia were studied on two
different oceasions - before and 6 months after surgical

treatment,
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CLINICAL INFORMATION

The higtory, with particular reference to cough, sputum

and breathlessness, was obtained by one ebserver using a
standardived questionnaive (Medical Research Council, 1960)
with additional questions about previous history (Fletcher,
HughwJonen, M®Nicol and Pride, 1963). The symptoms were graded
acecording to the recommendations of the questionnaire, The
form of these questions is in Appendix I,

Fox the purposes of this study the diagnosis of chronie
bronchitis was accepted on the basis of a history of
productive cough for more than 2 yeavs, occurring for more
than 3 monthe in the year either during the day or in the
morning or at both times,

The ape, height and weight of each pat.icnt was noted,

The intensity of the breath sounds wes recorded by two

observers (J,R, Nairn and M, Turner-Warwiek) with the
stethoscope placed anteriorly and posteriorly on the chest
wall over the pesitions later deseribed as being covered
by the seintillation couniers corresponding to the upper,
middle and lower zones of each lubmg. The observations were
graded in the folleowing wayie
Grade 0 < No breath sounds,
1 =~ Very weak breath sounds,
2 = Moderate breath sounds,

3 = Nermal, good breath sounds,
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RADIOLOGY ,

A pair of postevo-gnterior chest radiographs were teken
in full ingpiration and after ful? expiration in each patioent,
The cagsette was in a fixed position and the patient was
not allowed to move except for the respiratory manceuvre while
the £ilme were taken, Bilateral lateral multisection tomograms
and a lateral film were also taken,

Dr, George Simon examined these radiographs in ignorance
of the clinical, physiological and surgical findings and
recorded the following observations and measvrements,.
Diaphrogm
a. 'The shape of each dome, i.e., flat or curved,

b. The level, i.e. nwaber of anterior ribs visible abeve

the middle of the right hemidiaphragm on the inspiration

film,
¢. The movement in cms, of each dome was measured as the

difference between the distance from the lower margin

of cech of the inspiration and expiration films te the

middle of each hemidiaphragm (see fig., & ). The sum

of the movement of both hemidiaphragms is veferred to

as diaphragm movement {D,M,) unless otherwise stated,

Heart and Main Vesgels,

a. The transverse diameter of heart in cms,, (see fig. 4).
b, The transhilar diameter in ecms, This measurcoment is made

from the peint where the upper lobe vein meets the
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descending avtery on cach side, (sce fig. h),

ce The size of main pulmonary artery, i.e. dilated or
normal,

d. The size of hilar vessels, i.,e, dilated or normel,

Pulmonaxy Veassels,

a. The gsize of the mid-lung vessels in the upper, middle
end lower zones of each lung field, i.,e. dilated, normal
or small in the position shown in fig. 4 .

b. Vessel loss in each zmone, i.e, present or absent,

Bullae ~ These wexre ucted o be present only if clearly

demarcated by a survoeunding hairline,

a. The location in lobe/segment,

b, The spize of diameter in ecms, antero/posteriorly and

laterally,

Compression of lung
a. The erowding of vessels, i.e, absent or present,
b. Tissure displacement, i.e, absent or present,

Hebrosternal translueent zone,

a. The depth (cms.) - This measurement is made "at a point
on the ascending aorta which can usunlly be selected
with sufficient fairness to make results reliable"{Simon,
1964},

be The downward extension (ems.) = This is the distance
between the anterier projection of -the diaphragm and

the lowest extension of the retrosternal translucent area.
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Both these measurements are done on the lateral film
in the positions shown in fig, 4,

The noxvmal values in most cases Ffoxr the measuvrements
made are shown below (Simon, 1064),

Level of Diaphragm 6 or 6} anterior ribs

Movement of each hemidiaphragm 3 ems, Or moyxe

Transverse diameter of heavi 11*5 cma.

Retrosternal translucent zone, Depth & 3 cms,

Downward extension :) % eme.

LUNG FUNCTION TESTS

The forced expired volume in one second (F.E.V.l) and
the forced vital eapacity (¥.V.C.) weie measured in ml, on
a fast recording spirometer with a plastic bell., The resulis
are given at hody temperature and pressure saturated with
water vapour (B,T.P.3.).

The vital capacity (V.C,), functional residual
capacity (F.R.C.), residual volume (R,V,) and the total
lung capacity {T.L.C.) were measured in litres uwsing the
closed cirecuit helium method (MCMichael, 1939). All lung
volumes were recerded at B,T.P.5,

The diffusing capacity ef the lungs for carbon

monoxide (DLCG) was measured in ml, CO per minuite per mm.lg, by
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the steady state technique with end tidal saupling described
by Dates, Boucot and Dormer (1955). This test was performed
at reat with the patieni seated and again during stepping
exereise in the mannexr deacribed by MCNawora, Prime and
Sinclair (1959). The minute ventilation at rest and during
exercise wevre recorded and the percentage extwaction of carbon
monoxide at rest was calculated,

The airways resistance (A.H.) in cmg.ﬁ?O/iitre/gecond
and the lung velume (1L.V,) in litres during panting were
measured with the patient seated in a total body plethysmegraph
by the method described by Dubois, Botelho and Cowroe, 1956,
The airway conductance which is the reciprocal of airways
resigtance was calculated only in patients in Group III,

As these techniques are standard and have been well
deseribed in the literature no further description scems
necessary.

MEASUREMENT OF ARTIRIAL BLOCD GASES,

Arterial blood was drawn from the brachial artery
in the antecubital fossa under local anaesthesia with the
patient lying onm & couch at rest breathing air. Another
sample was taken within one minute after completion of a
Jeminute step test (Hugh-Jdones, 1952). Some breathless
petients were unable to perform any exercise and some others

could not continmne for 5 minutes. The amount of werk done
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during stepping wes calculated in the following wayie

Work done (Xgm./min) = n x h x Wt,
8681

Where n = The nuwber of steps per minute
h = height of step in inches

Wie= weight of patient in lbs,

During withdrawal of the resting blood semple the
expired gas was collected in a previously evacuated Douglas
bag and subsequently analysed for carbon dioxide and oxygen
content on a Haldane apparatus (Haldane and Graham, 1935),

The gas collection wus continued foxr 5 minutes during which
the frequency of breathing was noted and the total volume
measured with a previously calibrated Wright anemometer,

The measurement of arterial blood oxygen tension (Pagg)
carbon dioxide tension (Paggg) and pH were done within 2
minntes of blood withdrawal using oxygen, carbon dioxide
and pll elertrodes respectively vhich were contained in the
one temperature controlled water bath designed in the department
(see Pig, 5). Fluids equilibrated with different gas contents
which are used to calibrate the eleetrodes are also conteined
in the bath, The calibrating fluids have direct access to
the electrodes through sleeve valves, The temperature of the
bath was kept constant at 38°C. (¢ +02°C,). A Stuart

Tarner, No, 10 electriecally operated centrifugal pump ensured
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congtant and complete water circulation and a supply of air
equilibrated water in the bath iteelf., The electrodes

were connected through a switeh box to a Vibron pll meter

(33-B and C=33-B) supplied by the Blectronic Instruments
Company Limited, All readings were from the same 100 milliveld
scale,

The oxygen eleectrode was an uvanstirred modified Clark
type. It is shown in diagrammatie form in fig. 6. This
ingtrvwent was made in the depavtment to give a suffieciently
high euntput voltage to recerd on the 100 milli veolt seale
evailoble., A swmall multiple cathode which consisted of
25 pieces «001" diameter platinum wire wade this possible,
The anode made of 6 ems. of +01" silver wire was wound
round the 3¢5 nm, eoubside digmeter soda glass tube which
contained the cathode, A low permeability membrane of
polyvinyladine (Saran'@rap) wvas used between the sauple and
the cathoede, The nature of the membrane and the small
cathode liwmited the position of the diffusion gradient of
the pases within the membrane so that stirring was net
reguired, The elgecirode was calibrated just before use
with air equilibrated water at 38°C., air, and a mixture
of one paert alr and one part 100% nitregen., These points
plotted on linear graph paper against the relevant oxygen
tension gave the aiope of the electrode, The intercept

indicated the residual currvent of the electrode and should



not exceed 1% of the air veading.

The carbon dioxide electrode was a Severinghaus {ype
(1960). It operated on the principle thet the pll of a sodium
bicarbonate solution varies in a predictable manner with
the cerbon dioxide temsion with which it is equilibrated,

The eleetrode is shown in fig, 7. Two membranes were used:
an ioner membrene of woven fibreglass, which provided a
thin but stable layer of sodium bicarbonate solutien in
contact with the gless eleectrode, and an ouber wembrane of
001" Teflon, which allowed the rapid passage of earbon
dioxide to the bicarbonate layer, A calomel reference
electrode was incorporated in the assembly., The response
time of this system was 70 seconds, The electrode was
calibrated with 5% C0; end 10% CO, equilibroted distilled
water from the tubes in the heated water bath, The 003
contents of the gases used for equilibration were measured
on the Haldane apparatus,

The pl electrode was & replaceable capillary electrode
supplied by Electrenic Instruments Company Limited (8,H,H. 33)
with a response time of 1 minute. It is shown in fig, 8,
Buffers of 6+840 and 7.384 were used imn calibration,

Caleculations:~ With the arterial blood gas tensions and the

resulis of analysis of expired gan several relevant values

can be calculated,
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Using the Iroctionsl concentyration of expired CO,, and
4

0, and Dalton's Law the respiratory exechonge velue {(n) was

il

caleulnted according to the cguationi-

BRwe Iy
co2 {bouglan andPriestley,1948),

(FEN$ % 0:265) = oo
where Fﬁpﬁﬂ is the {rastional eoncentration of
corbon diexide din expived gas

¥rog is the fraetional concentrotion of
oxygen in expired pas

and Fpy, 1o the cnlenlated fractional coneentwation of
nitrogon in expived gas,

The alveolar ozygen tension PAGQ in mm, Hg. vas
ealenlated using the alveelayr alr equation (Comree, Forator,

Dubois, Briscoe and Carlsen, 1964)3-

E}ﬁ(}g “ Pi{}gg = Faﬁi}g (?1(}3 + i~ Fi{}%)
R
wheyo Pzﬁg = partinl prossure of 09 in mw. Mg, of
B ingpired alr

Figo = fractional coneentration of Oy in
&
‘ inspived aly.
The alveolap-arterial oxygen gradient (Pﬁﬁp - ?&g%)
wag calenlated in mm, Hg,
The ratio of the physiolegical dead spuee (Vp) to the

tidal velume (V) was caleulated from the follewing



L FL{} =

relationghipie

Vv Pa "‘"Pf;l K ;
vg w 18C0g = PECO2  (weqy, 1065)
) Pagog

where PECGQ is the partial pressare of carben diexide in
the expirved gas,
The percentage saturation of haemoglobin was found
using the measured values of Pag, and pH and the nomegram

of Dill (1944),

MEASUREMENT OF REGTONAL VENTILATION AND PLERFUSTION,

The method of measuring reglonal ventilation and
perfusion in the Iwng employed radioactive 133%enon and
an apparatus which recorded impulses picked uwp from the
gsurface of the chest wall by means of fixed counters,
Fagsentially it consisted of recording zonal distribution
of radiogetivity after perfusion, after a single inspiration

133 . .
B‘Xenon. The cireuit and procedure

and after rebreathing of
were not unlike those deseribed by Ball, Stewart, Newsham
and Bates (1962), As this method is not widely used in
Britain it will be described in detail,

L4
Chemical and physical properties of 13%Xen0n.
lﬁﬁx

encen ig produced as a fission product by neutron

235

bombaxrdment of uranium + Chemically it is an inert gas

which is three times as scluble as oxygen and one seventh
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as soluble as Cﬁg at body temperature. ( X = 0.0845 ml,
Xenon per ml, H,0 ai 760 wm, Heg.). Isctope 133 anon decays
to caesium with a half 1ife of 5+27 days emitting negative
particles of maximum energy 0+347 Mev, gamma ( ar) rays of
0.081 Mev and by a2 process of internal conversion X-rsys

of approximately 0«03 Mev, The ﬁ particles are absorbed

in less than 1 mm, of tissue and are useless for external
counting, The x and X=rays are detected hy surface counting
methods but have sufficiently low energy for adequate
protection to be afforded by 3/16" lead round the dispensing
tonometer end spivometer,

133

Lenon,

Stoerage, Dispensing and Frecautions weging
The 133X9n0n zas used in the test was rveceived as

100 millicurie aliquots contained in 10 ec. sealed glass
ampoules every 2 weeks from Hediechemical Produects, Amersham,
Bucks, In the laboratory the Xenon was stored with 100%

002 in o dispenging apparatus which is a slightly modified

30 ce. tonometer enclosed in 4/16" lead shield. This tonemeter
ig shown in fig. 9. DBelore making the tranafer, the tubing

and dead space of the tonometer were flushed with 100% 602
leaving two thirds of the vessel filled with this gas at
atmespherie pressure, The top tap of the tonometer was then

opened and the steel cannula advanced up to the top of the

ampoule after brealking the inner seal., Mercury passed under



pressure into the ampoule, displaced the radiosctive

contents through the cannula into the tonemeter, The pressure
of the tonometer was kept below atmospheric at all times
except when the gas was removed for use,

The 133Xe and CO_, mixture was used in a gaseouns form

2
after further dilwtion with air in a spivometer, For
intravenons use the 153X@/002 mixture was dissolved with gentle
agitation in 10 cc, sterile heparinised saline contained
in a glass syringe. Replicates were used throughout this
study so when the first syringe has been prepared it was
mixed with another 10 ce. of sterile saline until both
syringes contain appreximately equal radiocaetivity. The
activity of saline prepared in the syringes was measured
in a fixed geometric system as shown in fig., 10, using =
counting head, from the gantry., Usually a count of 400-500
counts per second (0.p.S.), which was equivaelent to approximately
1 millicurie, in each syringe was adequate for the procedure,

The room in which this measurement was performed had
an extractor fan which removed the contaminated air, All
personnel were safely monitoring deviees which were surveyed
monthly., Used glass syringes and other contaninated appavatus
were stored in a °/16" lead lined box until the isotepe was
disgipated,

Yor the complete study it has been caleculated that the

radiation dosage to the patient is of the order of 40 milli



rads, although it can be 120 milli rads if intrapulmonary
mixing is delayed (Ball, Stewart, Newsham and Bates, 1962),

Spirometer Systems,

A spivometer of the Benedict-Knipping type was
incorporated in a closed eircuit for use during inspiration
of the 133 Xenen in aix mixture, Included in the c¢cireuit
(as showm in fig. 11) was a sodn lime filled cannister to
absorb 002, a cirveulating fan and a counting head which
recorded the radioaectivity of the gas in the cirecuit through
1/16“ perapex tube on a soparate rate meter and recorder,

The cireculation time of the eircuit when the fan is operating
wvas 35 seconds as measured by a bolus of 133Xe. A potentio-
meter placed on the spirometer pulley relayed the volume
changes of the spirometer bell {o anether recording chennel,

Poatient access to the spirometer was by lead ringed
rubber tubes, a three-way tap and mouthpiece. The dead
gpace of the whole cireuit is 247 litres and the dead space
of the mouthpiece and tap was 65 ml,

To prepare this cireuit for the procedure with the
patient lﬁﬁxa/COQ mixture was introduced with a dry glass
syringe through rubber itubing with the spirometer bell
containing approximately 5 litres wnbil there was a count of
approximately 1000 in the mixed eiveunit., This is an

equivalent concentration of approximately O+& millicuries/litre.

>
Depending on the freshness of the supply of lﬁ)Xenon in store



the volumne dispensed to gain the desired spivometer count
varied from 06«29 ml. to 25 ml, which was withdrawn from the
tonometer in a 10 ml, syringe followed by sufficient air to
£ill the syringe., Acecidental loss of radioaectivity during
transier to the spivometer was easily aveided in this way.
In addition to this “"hot" spirometer, a non-radionctive
"eold" spivometer Tilled with air ealy with s fast recorxrding
light bell rested on tep of the lead encased civeuit, This
spirvometer was unsed during the perfusion of 133Xeﬂon in
saline and the volume changes from it recorded on the some
circuit as the "hot" spirometer by switehing over to it,
This ensbles a simultancous tracing of the breathholding

manceuvre to be recorded during perfusion,

The Counting Apparatus., This is shown in fig, 12,

The counting heads were mounted in two vertical frames
which face each other. These frames were suspended from a
substantial gantry and ecould be vaised or lowewed to suit
the height of the patient sitiing between them., Six counting
heads were disposed on each frame, three of them on either
gside of the mid line., The upper and lower counting heads
could be moved vertically either together or separately
within the fyrame., Dach anlerior counting head was placed
exactly opposite a posterior counting head and the imput of
impulses to each was simultaneously recorded and eventually

sunmated,
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A individual couniting head contained a collimator
3% inches long, a thallium activated sodium iodide crystal
of 254 mm, diameter end 17«4 mm, thieck snd a pholo wnltiplier
tube,

Six (1810) ratemeters, 12 (1830A) amplifiers selcctox, -
wnits, 2 (532D) E,H.T. power packs, 8 servopotentiometers
and an eight-channel vecorder were incorperated into a
bulky tower (fig. 14). All these units were supplied by
Isotope Development Company Limited, with the exception of
6 of the servopetentiometers which came from Sangamo Weston
(Sihé'). The connections between these units are displayed

on the ecircuit disgrem in fig, 13.

Detection and Bnuwneretion of Hadioactive Impulses from
the Patient,

The X'and X~rays emitted by the process of decay of
133X9non surike the crystal after passing through the
collimator preducing o scintillation according to their
appropriate energies, whieh is in turn detected and amplified
in the photomultiplier tube, Only ”' roys were used in the
ultimate counting of impulses by the ratemeters. Xerays
were excluded because counting this less energetic ray
would unnecessarily complieate the caleulations and alseo
that the use of the 8' ray alone would simplify setiing up
end maintenance, The latter statement stems from the fact
that the veltage applied to the photomultiplier tube was

inversely preportional to the energy of incident radlation



whiech it was reguired to deteet and consequently the Xwrays
and B’ voys yielded ditferent plateaus with respeet to a
given E,H,T, setting and the most clearly defined plateaun
was that of the ¥ rays, The E,H,T. supply to the photo-
multiplier was therefore set for the 5 roy plateau only,

From the photomultiplier the impulses passed to an
amplifying and seleeting circuit which contained a pulge
height analyser. The purpose of this deviece wos to two-fold,
to xejeet impulses of low voltage such ag cosmic radiatbion
by the use of a discriminator bias and to set an upper limit
of acéeptance establishing a "channel width',

The accepted impulses frem one pair of counting heads
(i.e. onterior and pesterior) were then swuuated and counted
on one ratemeter, This output was relayed to a servopotentioe
meter which converised a 0=100 millivolt input to a (=10
milliamp ouwbput muitable to the 10 milliamp direct writing recorders.

By ezperimental determination a diseriminator bias of
10 volts and a chaonel width of 20 velis was Tound to give
optimun definition after the E.H,T. voltage had been set
on the plateau for X rays.,

The setting up procedure before eaech determination
regquired that each of the counting head channels and the
“hot" spirometer channel was sel at these veltages. Included
in this was & comparative calibration of each recording
channel on 3 attenuations, i.e, 100 cps, 300 cps and 1K with

the same radioactive source,
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A more detailed specification of the eleectronic
equipment used im this apparatus is obtainable from a thesis
by Mr, Michael Foskett submitted to the Institute of Scienece
and Technolopgy for a gualification of V,I,8,T,

Procedure with the Patient,

The pomitions of the counting heads on the gantry were
arranged and fixed Ffor each patient with veference to a
postero-anterioyr chest film taken in maximal inspiration
using the suprasternal notch as an antevier referemnece point,
The upper two counters were placed 1*5 inches from the
highest projection of the lung and the lower two counters
£9 above the highest projection of the diaphragm. The
remaining counters were placed midway between these in
the vertical plane., Iach counter was placed equidistant
horizontally from the mid line, compared with its opposite
nuwbexr on the othew side of the chest, The back counters
weve arranged exactly opposite the front counters, A tracing
of the wadiegraph with the counters position marked was
talken in each patient for future reference, SHueh a tracing
ig shown on fig, 15.

A gize 00 nylon catheter filled with sterile heparinised
saline was introduced by the Seldinger technique into the
median basilic vein in the right oxr left antecubital fossa
uwader local anaesthesia, The catheter was advanced until

it was intrathoracic and its position ig identified by connecting

its proximal end to a sitrain gauge manometer whose output was
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displayed on a ecathode-ray oscilloscope, When a negative
pressure swing on inspiration was reecognised the catheter
was agsumed to be intratherscic and left in position., The
manometer was then vemoved and replaced by a syringe
containing hepavinised saline which was sirapped to the
patient's axvin so that he could bend it quite freely, Next,
the patient sat on a chair with a low adjustable, semicireular
back and arm rests, centrally placed between the two gtacks
of counters., A foot stool was provided., The stacks were
lowered until an anterior reference rod was exactly opposite
the suprasternal noteh, They were then moved towards the
patient until the lewer counters almest touched the anterior
and poesterior aspects of the chest wall but the patient was
still able to take a maximal inepiration without discomfort,
A mouthpicce attached to the *cold* spirometler was inserted
through s gap in the anterior frame of counters and put in
by the patient, A semiecirculer halter, fixed to the posterior
counter frame,; was fitlted round the sides and hack of the
patients neek to help prevent lateral wovement., A nose clip
was used o that only oval respiration was recorded.

The patient was instructed to take 3 slow maximal
ingpirations holding the breath in inspiration alt the end

137

4
of the third, While he was doing this the prepared -~ ~Xenon
in saline was rapidly injected inteo the superior vena cava
through the nylon catheter, followed by a similar volume

of saline, During the breatbhelding manoeuvre, whieh lasted
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approximately 10 scconds a platean in each zone was recerded,
The patient thew removed the mouth piece and breathed air,
The radioactive gas was washed ont of the alveoli, and the
chest counts fell to a background level, This procedure

was then repeated after 5 minutes,

After n similar interval, the mouth pilece was connected
to the "hot" spirometer eivcuit and the patient imnstrueted
to repeat the respiratory manoeuvres. During the first
two breaths only air was inspired, on the third the patient
took a maximal inspiration of the radioactive gas and held
the breath., As soon as a definite plateau in eaeh recording
head was seen the patient was allowed to release hig hreath
into the spivemeter. Therealter yoom air was breathed until
the counting rate over the chest had returned to an acceptable
background level or for 5 minutes, This breath holding
procedure was then repeated,

Pinally, the patient rebreathed xonon in air from the
“hot" spirvometer starting at the beginning of an inspiration,
During this procedure oxygen was added at a low rate of flow
to keep the volume of the circuit constant., Rebreathing
was continued for 6 minutes., Usually at the end of this
time the c.p.s. recorded in the spirometer eiveuit and in
the chest lcada were constant, indicating that the patienit
and eircuit were near equilibriuvm., A breathholding manoeuvre
at maximal inspiration was then repeated and s further plateau

was recorded in each chest lead, Then the patient was alleowed
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to breathe room air once more. The eounting rate fell in

all chest zoneas,

MEASURBMENT OF TRACING,

An exzemple of the tracing reeorded after this precedure
with a single injeetion, aingié ingpiration followed by
rebreathing lﬁjxe is shown in fig, 16, Six of these channels
represent the swmated back and front activity in the 0 zones
covered by the eounters, The remaining 2 record spirowmeter
counrte and spivometer volume,

The plateaus during breathhelding in each zone after
perfusion and after inspiretion of 133Xe arve shown at points
A and B, vespectively, They were meagured in ¢,p.s, mionuvg
the height of the background comwnis in ¢.p.s. récurdeﬂ
previously in eaech zone, igurce 17 shows the mode of
measurenent of such plateaus., The counts per seeond recorded
in each zene after equilibration are measured by taking the
height of the plateau during breathholding at peint D on
fig. 16, As the background counta recorded previous te

133,

rebreathing e are a mixture of tissue and trapped
alveolar gos counts, a standard tissue count is subiracted,
The standard tissue count is based on the average of 8
normal subjeetzs, The method of obtaining this figure will
be explained later. The time taken to wash in 90% of the

counnte per second wvecorded at equilibration hefore the

maximal inspiration is calculated and measured in each zone,



Figure 18 illusirates a poor and a goed mixing mone with the
90% time marked as A and B respectively,

Caleuwlations.,

To evaluate the shave each zone rceceives of the perfusion
and ventilation during a single breatbholding manocuvre, the
volume of lung which the ceunters are "looking at" has to he
conpidered, At the end of equilibration mixing is as couplete
as posgible and after a maximal inspiration the geeometry
of the chest io assumed to be similar to that during the other
breathholding memnoeuwvres; therefore, the meagurement of
counts pexr secend abt that time in eaeh zone roflects the
volume of ventilated lung in the field of eachcounter, The
ventilation index (V index) of a mone was caleulated in the

following ways

Zonal V index = 5] By,

f Rl L] é :ﬁ,

where By = ¢.p.8. in zone during breatbholding
after o maximal ingpivation of
Xenon in air,

ZRI = the sum of 1) in each zone,
Ry = €.p.8, in zone after equilibration
and during breathholding uliter a
maximel inepirvation of Xemen in air,.

£ 1 = sun of Ry in ecach zone.

Therefore, the V index of each mone is a measurce of the zonal
shoare of ventilation related to the share of ventilatable

volume of that szone,
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The perfusion ox § index of a wone is the zonal share
of perfusion related to the share of ventilatable voluwne of

that zene and is caleulated in a8 mimilor way, viz,

Zonal Q index = HP%’ * By
& - g0y

vhere Ry = e.p.8. in zone durifg breathholding
after perfusion of 3Xe in saline

£EEP w the som of Hp in each zone,

To express the dynamie events in each zome during
rebreathing (C to D in fig, 16) the observed time (t,) to
reach 90% mixing is compared with the predicted time (tp)
for the whele lung to reach equilibrium, assuming pexrfeet
mixing., This predicted {time tp can be ealeculated woing the
funetional residual capacity of the patient (Vppc), the
spirometer volume at the beginning of equilibration (Vg),
the dead space of the spirometer system (VDS)S the elveolaw
tidal volume (Vyy), end the frequency of breathing (£) in the

following formula:

tp =

" "
¥ log VIReC « VS + Vpg) = Vqy

The anatomical dead spaee was assumed accerding to body
weight., Calculation of the relationship fg in each zone
yields the zonal "dynamic distribution inaﬁin, (p.n.1.).
This calculation is similar to the dynamic distribution

index deseribed by Bentivoglid, Beerel, Stewart, Bryan,



- 53 -

Ball and Bates (1963),

The volume of air entering each zonec during the single
respiration of 133X@ was also calculated by dividing the
ingpired volume of xemon and air at the mouth in proportion

to the share of inspired counts in each zone,

Predicted Normal Valwes,

The normal values of the lung function tests were

predicted from the data indica