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ON THE RESULTS OF TREATMENT OF PULMONARY
. TUBERCULOSIS BY ARTIFICIAL PNEUMOTHORAX.

INTRODUCTION.,

The aim of this thesis is to consider the mod-
-ern Artificial Pneumothorax Treatment of Pulmonary
Tuberculosis with special reference to a series of
one hﬁndred cases and to analyse these cases with
a view to the assessment of the effects of this
special treatment, and to compare these effects with
those observed by other physicians and also with
those obtained by purely expectant treatment alone.
In spite of all known forms of treatment, the
vast majority of patients suffering from pulmonary
tuberculosis are necessarily handicapped for the
remainder of their lives and the great probability
is that the disease will shorten and eventually |
terminate their existence. The chief method of
treatment is undoubtedly the application of general
rules of hygiene, which combined with continuous
medical supervision of the activities of the indiv-
idual patient, form the basis of sanatorium treat-

ment.




The resulis of this method of treatment alone
are disappointing; a few patients are discharged as
quiescent and may eventually be classed as arrested,
the majority are improved and return to their homes
either to spend the remainder of their lives as semi-
invalids br to deteriorate gradually to their former
condition or worse. The remainder fail to respbnd
to the treatment and either die in the institution or
are discharged as unimproved or worse,

Artificial pneumothorax in carefully selected
cases 1s a very real adjuvant to ordinary sanatorium
treatment in that the disease is attacked locally and
has the effect of hastening and fortifying improve-
mentis produced by treatment on general hygienic prin-
ciples., Further, artificial pneumothorax may be ex-
pected to produce improvement in many cases where
sanatorium treatment alone would fail.

The principle of artificial pneumothorax is
essentially that of collapsing and maintaining the
collapse of the whole or part of a diseased lung by
means of the insertion of a gas between the parietal
and visceral pleura of that lung. This collapse is

designed to assist the healing of the pulmonary
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lesions by limiting or abolishing the respiratory
movement of the affected lung, by reducing the loecal
circulation of blood and lymph and by approximating
open lesions to each other and to surrounding struc-
tures.

This special treatment demands the exercise of
patience and the exhibition of faith on the part of
the patient and involves the expenditure by the phys-
ician of much time and care. The primary cause of
this investigation was a desire to discover the aver-
age return on the outlay of human endeavour on this
form of treatment in Middlesex.

This thesis is based on the cases of the first
hundred patients who received this form of treat-
ment at the County Sanatorium, Harefield, Middlesex.
The majority of these cases were observed and treated
by me between June 1925 and January 1928, The after-
histories of patients were investigated by me in
September, 1928 and in December,1929 at the Sanatorium
and at the Tuberculosis Dispensaries in the various
districts of the County. |

I am indebted to Dr, J. Tate, County Medical
Officer of Middlesex and to Dr. J. R. Mc.Gregor,.




Medical Superintendent at Harefield for allowing

me facilities for collecting information.




HISTORICAL.‘

Treatment by pulmonary compreséion was first
advocated by Carson of Liverpool in 1822 (1). His
main theme was that if the diseased parts of a lung
were kept in an undisturbed state by means of pul-
monary collapse and the sides of a lung "eabscess"
placed in "salutary contact', favourable circumsﬁan-
ces for healing would be achieved. Carson realised
also the potential value of compreséion of the lung
in the treatment of haemorrhage for he deduced that
"s haemor hage (sic) from one of the lungs....cees..
if not immediately fatal, would be as certainly
stopped by the collapse of that lung, as the flood-
ing consequent upon parturition, by the contraction
or rather the resilience of the womb"., Carson, how-
ever, does not appear to have put into pfactice his
recommendation that operative means should find a
place in pulmonary tuberculosis treatment.

The teéhnique of modern artificial pneumothorax
treatment was first elaborated aﬁd published by
Forlanini (2) his first publication on the possibil-
ities of the treatment appearing in 1882.

Prior to Forlanini's publications, various




observers had noted that marked improvement resulted
from spontaneous pneumothorax in patients suffering
from pulmonary tuberculosis, and in 1885, Cayley of
the Middlesex Hospital, London, had reported the
tr;atment of a case of severe haemoptysis by pleural
incision (3). About this time, interest in producing
pulmonary éollapse by mechanical means had been a-
roﬁsed in several countries, and in 1885 before the
value of artificial pheumothorax had been proved,de
Cé}enville of Lausanne had performed his first thora-—
coplasty (4).

The treatment so far had been confined to Europe
and more especially to Italy, but in 1898, Murphy
of Chicago (5) published details of five cases and
strongly advocated the adoption of the principle of
surgical interference in pulmonary tuberculosis.
Numerous other workers in many countries followed
the path trodden by these pioneers, and the first
artificial pneumothorax operation in England was
performed in 1910 by Lillingston (6) whe had him-
self derived considerable benefit from treatment by
this method in a Norwegian sanatorium.

Since then the study and research of many




workers has improved the technique and popularised
the treatment and since the war artificial pneumo-
thorax has been accepted as one of the approved
methods of treatment. In fact, in 1921, at the
Royal Society of Medicine, Sir James Kingston Fowler
said that "the induction of artificial pneumothorax
is the only advance in the tréétment of pulmonary
tuberculosis since the introduction of sanatorium
treatment as carried out at Nordrach". To-day, that
statement requires considerable modification in view
of the success of thoracoplasty and of Sanocrysin
treatment, but there is no doubt that artificial
pneumothorax is a method of treatment which unlike
many alleged remedies now discredited, has stood the

test of time.
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ANATOMICAL AND PHYSIOLOGICAL CONSIDERATIONS.

The framework of the thorax consists of the dor-
sal section of the vertebral column, the ribs and
the: sternum. The anterior extremities of the ribs
are attached to the sternum by means of the costal
cartilages and these latter contribute very mater-
ially to the elasticity of the thorax. The ribs by
virtue of their strength and relative narrowness also
"exhibit considerable elasticity. The breadth of the
intercostal spaces 1é greater in front than behind
and between the upper than the lower ribs. This is
of importance when the site of election for pneumo-
thorax puncture is under consideration.

The ribs form a series of levers, the_fﬁlcra of
which are in the'neighbourhood of the costo-trans-
verse articulations. The power is supplied by the
muscles of inspiration, chiefly the Serratus post-
erior superior so far as the ribs are concerned in
ordinary quiet respiration. The necks of the ribs
form the short éections of the levers s0 that when
they move downwards a corresponding upward movement
occurs at the anterior extremities, and because of

the antero-posterior slope of the ribs, the upward
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movement of the anterior extremities, with the
sternum attached, is accompanied@ by a forwerd move-
ment thus ehlarging the thoracic cavity antero-
posteriorly. The curvature of the ribs increases
from above downwards and when the ribs are raised
in inspiration the transverse diameter of the chest
‘is consequently increased in the plane to which each
pair of ribs is raised. A rise of the body of each
rib also occurs relative to its extremities and as
the body lies in a plane lower than that of the
extremities this rise must also add to the increase .
in the transverse diameter on inspiration. Thus,
by means of the rib mechanism, the thorax increases
in size both laterally and antero-posteriorly and
the depth is increased by the contraction and con-
sequent descent of the diaphragm.

The lungs form an enclosed cavity without any
natural outlet except the trachea. The interior
of the thorax may be regarded as consisting of a
central mediastinal cavity and two lateral pleural
cavities. The mediastinal cavity contains all the
thoracic viscera including the trachea and bronchi,

and each lateral cavity contains a pleural sac
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invaginated by a lung. In health, the pleural sac
contains sufficient serous fluid to lubricate the
pleural surfaces during the respiratory movements
and the pleural space is a potential one only. The
parietal wall of the pleural sac forms the inner lin-
ing of the chest wall; the visceral lay er of the
pleura forms the outer lining of the lung. In both
cases the pleural membrane is firmly adherent to the
underlying structures,

The trachea bifurcates to form the bronchi and
these divide and sub-divide until the air tubes have
multiplied vastly in number and diminished correspon-
dingly in size. ZEach of these small bronchial tubes
supplies a pulmonéry lobule which consisting as 1t
does of air-cells, blood-vessels, lymphatics, nerves
and areolar tissues forms a miniature lung, The
aregﬁar tissue is chiefly composed of elastic tissue
and it 1s on the elasticity of this tissue and on
thatrbf the thoracic wall already discussed that
expiration depends. Inspiration is the only active
part of ordinary quiet respiration; expiration is a
passive elastic recoil.

At the-end of expiration, the lung is at rest.
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The air of the lung, supplemental and residual, being
in communication with the outer air is at the pre-
vailing atmospheric pressure and the lung tissue is
therefore pressed from within against the thoracie
wa}l, the lung being ballooned out to fill the avail-
able space, and the elastic tissue of the lung sub- |
jected to some degree of stretch. The outer air |
presses on the thoracic wall and so tends to drive it
in, but this tendency is overcome by the rigidity of
the chest wall supported by the atmospheric pressure
from within. In other words, the external atmospher-
ic pHessure and the elasticity of the lung tend to
cause movement inwards and these are resisted by the
combined rigidity of the chest wall and the internal
atmospheric pressure. There are thus two equal sets
of forces acting in opposite directions and in con-
saquenée no actual mo&ement takes place.

On inspiration, however, muscle power overcomes
the external étmospheric pressure and the thoracic
wall moves outwards. The diaphragm descends and
pushes the abdominal viscera downwards and the ab-
dominal wall moves outwérds; indirectly, the diaphragm

also has overcome atmogpheric pressure. The opposing
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sets of pressures no longer balance, and the lung
tissue is caused to move outwards by the excess of
internal pressure. The lung enlarges to fill the
larger space and the ei&stic tissue of the lung
stretches 8till further to allow the lung to accom-

modate more air. Inspiration is complete, the inter-
change of gases between the blood of the pulmonarj
capillaries and the air has taken place and ex-
piration commences.

The diaphragm and the other inspiratory muscles
relex, the elastic recoil of the chest wall and
the abdominal wall takes place and so the thoracic
capacity diminishes once more. The excess of
force which caused increased stretching of the
pulmonary elastic tissue is gone and the lung in
turn recoils, the tidal air is expressed, the
opposing forces are once more equal and expiration
is complete,

If a wound be made through the chest wall in-
cluding the parietal pleura, the external atmos-
pheric pressure acts directly on the visceral
pleura., The internal atmospheric pressure is thus

neutralised and further elast;c recoil of the lung
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takes place, and air flows through the wound and
converts the potential pleural space into an'actual
one. A pneumothorax is formed and a collapse of the
lung commensurate with the amount of air admitted
results., This collapse is somewhat retarded by the
force of cohesion resulting from the apposition of
the smooth pleural surfaces with only a thin layer
of serous fluid between. This force however is
gradually overcome, the layers of pleura peel apart
and the pulmonary collapse eventually becomes Com-
plete.

The normel intrapleural pressure has been
determined by several workers by experiment, and
the results are of importance for'comparison with
the initial pressures recorded at the induction of
artificial pneumothorax. Heynsius (7) quotes
Donders as finding that at the end of quiet inspir-
ation the intrapleural pressure was - 12.2 cm, of
water and at the end of quiet expiration - 10.3 cm,
Halliburton (8) states that the intrathoracic press—
ure varies from — 6,8 cm. to — 9.5 cm. of water at
the end of expiration to - 40.8 cm. at the end of a

deep inspiration. The average findings of these




and other workers appear to be from - 8 cm, of water
at the height of quiet expirétion to - 13 cm. at
the height of quiet inspiration. Normally, therefore
each pleural cavity has a negative pressure. This
pressure falls still lower at each inspiration, .owing
to the enlargement of the thorax and the tendency of
the lung to lag behind as it mekes its inspiratory
excursion. In obstructed expiration the intrapleural
pressure is a markedly positive one. An accident
that may occur during an artificial pneumothorax
operation strikingly demonstrates this fact. If a
patient coughs while a water manometer is in con-
nection with a pleural cavity, by means of a rubber
tube and cannula, the intrapleural pressure is made
so markedly positive that, unless suitable precau-
tions have been taken the water will, in all prob-
ability, be blown completely out of the manometer,
The question of the relationship of the pleural
cavities has been investigated by Graham and Bell
(9). These workers measured the intrapleural
pressures in a fresh human cadaver and having raised
the pressure on one side by inserting air, found

that on the opposite side an almost equal rise of




pressure had occurred. Parsllel results were ob- g
tained with a freshly kiiled dog, thus establishing
the similarity of conditionsin the dog and in man.
With the living dog, the same experiments were per-

| formed with the same results. They thus concluded
that from the standpoint of pressure relationship,
the normal thorax may be regarded as one cavity
instead of two and that no matter what change of
pressure is madein one pleural cavity, an almost
equal change results in the other. They estimate

the resistance of the mediastinum to be equivalent

to the pressure of 1 cm. of water except when the
mediastinum has been made rigid by induration follow%
ing chronic inflammation. This attitude is supporteé
by Amberson and Peters (10) who state that "on the '
functioning side, the intrapleural pressure is ac-
tually raised and the expansibility of the lung is
proportionately decreased", It must be added, how-
ever, that Amberson and Peters do not adduce any ex-
perimental evidence to support their opinion.

These American views are not endorsed by British

authorities. Burrell and MacNalty (11) conclude

"“that in compressing one lung by artificial pneumo-



thorax one does not interfere with the pressure in
the 0pposité pleural cavity, even if the mediastinum
is displaced". The basis on which this opinion is
founded, however, is somewhat doubtful in that bi-
lateral pressures were taken in two cases only, one
of which was a case of pleural effusion. Either or
both of these cases may have had rigid mediastina
following inflammatory processes.

Riviere (12) concurs with the conclﬁsion of
Burrell and MacNalty, but like Amberson and Peters,
he fails to give evidence in support of his views.

| The question is one which cannot be solved by
experiments,dn the chest of a normal man for obvious
reasons, but a study of the variations of intra-
pleural pressures in artificial pneumothorax is of
assistance, It is frequently observed during a
pneumothorax refill or soon after a refill, that
there is a graduallbut definite fall in the intra-
pleural pressure on the treated side. This is ex-
plained by the fact, as Emerson (13) demonstrates,
that the tﬁorax has considerable accommodative

powers and is capable of counteracting increase of

v

fntrapleural pressure by an enlargement of the thorax
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produced by unconscious elevation of the ribs and
descent of the diaphragm. Further, in cases of
artificial pneumothorax at Harefield, it was noted
that the posture of the patient had a considerable
influence on the pressure in the pneumothorax cavity
If the patient lay on the treated side, the pressure
in the pneumothorax cavity was greater than if he
lay on the sound side. This phenomenon was observed
by Burrell (14), and has been proved by him by means
of X-rays to be due to the movement of the intra-
thoracic viscera under the influence of gravity.
Also, the movement of the mediastinum under fhese
conditions can usually be demonstrated by the shift-
ing of the épex beat.,

Since the movement of the mediastinum under the
influence of gravity is capable of causing an in-
crease of intrapleural pressure on the lower side,
it follows that if in a normal chest, the influence
of posture having been eliminated, the intrapleural
pressure is raised on, for instance, the left side
by the insertion of air, a movement of the medias-

tinum to the right side will take place, causing an




z on the right side and retarding the fall on the left

side. The net effect will be that the intrapleural

' Graham and Bell in that, following insertion of air

i
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i
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increase of intrapleural pressure on that side. é

|

Further it is reasonable to deduce that this increase:

will be negatived to some extent by the accommodative?

powers of the thorax. Similarly, on the left side

' the same process will take place and by virtue of its |
elasticity the mediastinum will tend to return to its

. original position so hastening the fall of pressure

Ju

ipressure on the right side will fall markedly,possibly

t0 normal, and the intrapleural pressure on the left
side will also fall but to a less extent, producing
a difference in intrapleural pressures.

These deductions accord with the conclusions of

on one side an initial uniform intrathoracic pressure:
is postulated, and these authors also observed that
there is a gradual fall in pressure in closed pneumo-
thorax (9). The deduction that there should be a
final difference of intrapleural pressures on the

two sides, accords with the clinical observations of

Burrell and MacNalty.
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Finally, whether or not there is uniformity of
intrathoracic pressure, the fact remains, proved by
the experience of many physicians that the contra-
lateral lung in artificial pneumothorax carries its
extra load with efficiency and little or no re-

spiratory embarrassment normally results.




PATHOLOGICAL CONSIDERATIONS.

In all forms of tuberculosis, the deposit of
the BacilIus tuberculosis in a tissue produ¢és soon-
er or later, ihe chronic inflammatory process known
as a granuloma, the essential element of which in
this disease, is the tubercle. As a result of the
bacillary infection, local proliferative changes
take place, producing highly vascular granulations
in the centre of which develop typical multinucleat-
ed giant-cells and numerous mononuclear cells., A
few tubercle bacilli are found in and amongst these
cells. This tuberculous granulation tissue rapidly
becomes non-vascular and forms a semi-translucent
mess or gray tubercle, the centre of which undergoes
a coagulation necrosis or caseation. A&t the same
time, the connective tissue cells of the tubercle
attempt to enclose the mass in a capsule of fibrous
tissue. If the resistance of the infected tissue
is sufficlently strong, this attempt succeeds and
the bacilIi and caseous material become encapsul-
‘ated and the progress of the tuberculosis is checked|
If however, these efforts at repair fail, owing to

the weak resistance of the tissues relative to the




strength bf"ﬁhe inféction, the tuberculous process
;spreads,"invdlving Surrounding‘tissﬁes'and’frequently
’fusing,with‘otﬁer similar foci to form a large mass
‘of'tubefcles with a yeiIOW*cééeated centre, Partic-
les Of the infective debris may be carried by the
'blood or lymph stream to other parts of the affected
ofgén or to bther‘organs of the quy and so the
diseésé is diqseminated.‘ | | | 7

In ﬁulmonéry tuberculosis, the site of the
initial deposit is usually the wall of a smaller
fbrohchiéle, and the éufrounding alveoii become filled
v'with caseous méterial, and the alveolar walls show
'1evideﬂceﬂof fibrosis except towatds the centre of
the diseased area where the alveolar walls are also
involved in the general‘caseous degeneration. Be-
yond the area of fibrosis, the alveoli are subject
to catarrh of the broncho-pneumoniec type. Thus the
diseased tissue consists of & central area whére the
tubercle bacilli have been victorious, a surrounding:
aréa’of“fibrOUS tissue férmation of varying extent
where th; fight is 8till beiné waged, and beyond
t?ﬁwg a skirmishing area where the toxins of the

infection have irritated the surrounding healthy




tissue into an inflammatory protective state. The
disease may spread by direct infiltration or by the
blood or lymphatic streams and in some cases by
aspiration of infective material into a healthy
bronchiole,

In the acute caseous type of the disease, thereg
is rapid formation of large areas of softening with
1ittle or no attempt at fibrous tissue formation.
All stages of this softening may be found in the
lungs and masses of the caseous material may be
expectorated, leaving cavities with soft ragged
walls.

More ususlly, in the fibro—caseous form of
pulmdnary tuberculosis, the healing and the degen-—
erative processes are more nearly balanced and
vgrious stages of the disease are always present
in the lung. The older lesions show evidence of
considerable fibrosis, while the more recent lesions
show marked caseation and are surrounded by tissues
in a broncho-pneumonic state. Cavities are also
found in thié type of disease and they may be
quiescent with smooth fibrous walls or have an
outer fibrous wall and an inner ragged wall dis-

charging pus. These cavities are sometimes trav-




ersed by trabeculae consisting of vessels or bronchi
and aneurisms of the blood vessels in the walls or
in the trabeculae may exist. Rupture of such an
aneurism causes haemoptysis. Fibrous tissue near a
cavity tends to increase and adjacent‘pleura may be
much thickened in consequence. In some cases, areas
of caseous material may be swrrounded by a thick fib-
rous capsule and so remain innocuous so iong as the
cepsule is unruptured. The process may be carried
further, and calcification of the caseous area may
occur rendering it non-infectious.

Where a great excess of fibrous tissue is pro-
duced.throughout the lung or a lobe of the lung, the
affected area becomes contracted and firm and the
pleurs is much thickened and adherent, This is the
fibroid type of the disease, and bronchiectasis may
'reéult from the pull of the'contracting fibrous
tissue on the weakened walls of the bronchi. By the
same force, the mediastinum may be pulled over to-
wards the affected side, and a compensatory emphy-
sema may occur in the unaffected lung areas.

The pleura is constantly affected in pulmonary

tuberculosis., Early pleurisy of the dry form occurs
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and this may go on to considerable thickening with
formation of adhesions between the lung and the chest
wall, Adhesions are most constantly found over the
older lesions, more especially over large super-
ficial cavities. In apical cavity formation, marked
pleural thickening and adhesions are commonly found
as a result of the relaﬁively large érea of pleura
in close proximity to the tuberculous lesion. In

acute cases, the pleura may be studded with miliary

tubercles leading to serous effusion and so frequent-
ly causing collapse of the whole or part of the lung,
The tfaoheo—brOnchial glands are invariably involved

in pulmonary tuberculosis and may be caseous, fibro-
‘caseous or calcified.

From the pathological processes that take
place in the lung in cases of pulmonary'tuberculosis
it is readily seen that nature makes sirenuous
efforts to eliminate or diminish the effects of the
infection. Impenetrable barriers of fibrous tissues
are raised in some cases, which form effective
mechanical checks to the progress of the disease.
Fibrous tissue contracts as it grows older and the

'effect of this contraction is to close vascular
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communication between the diseased area and the rest
of the body, thus localising infective material and
harmful toxins. Pleuritic thickenings and adhesions
over cavities are means of strengthening the walls
of the cavity and so diminishing the risk of the
rupture of the cavity into the pleural sac and the
consequent infection of the latter. Pleural
effusion might also be regarded as a means of coll-
apsing the lung to give its diseased portions the

rest necessary for the curative process.




THE RATIONALE OF ARTIFICIAL PNEUMOTHORAX TREATMENT.

When artificial pneumothorax is induced, whether
cavitation is present or absent, the destruction |
of the vacuum in the pleural cavity is followed by
elastic recoil of the pulmonary tissue and consequent
contraction of the lung. The contraction of the lung
is naturally followed by expulsion of the more fluid
pathological products, and this is demonstrated by
the initial increase of the daily quantity of sputum
that frequently follows the induction of artificial
pneumothorax. Thus the compression of the lung, at
an early stage in treatment, assists in the removal
of infective material from the lung.

Rest is essential to the healing of any lesion,
for one cannot be other than impressed by the ex-
cellent results obtained in the treatment of bone
tuberculosis, the essence of which is immobilisation,
The perpetual contraction and expansion of the
tuberculous lung, however, prevents the healing pro-
cess and also causes the lung to act as & pump. for
the distribution of bacilli and toxins through the
vascular systems to other areas. The chief result

of the collapse of the lung by the insertion of air
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into the pleural cavity is tolbring the lung into-
-a state of comparative rest, with consequent pro-
found changes in the organ itself and in the thorax
generally,

In chronic pulmonary tuberculosis, fibrosis
is always present and this fibrosis, while tend-
ing to the limitation of the spread of the dis-
ease, is a factor which, in association with the
normal state of pulmonary tension, prevents the
collapse of cavities, the walls of which in most
cases are exuding pus. Diagram A illustrates a
cavity in the left lung showing how, in spite of
the tendency of the fibrous walls of the cavity
to contract and so produce obliteration or dim-
inution of the contained space, this wall is pulled
out by centripetal forces which are the direct
result of the physiological vacuum that keeps

the visceral and parietal pleura in apposition.
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When fibrosis of the lung is marked; fibrous
strands radiate from the capsule of the cavity,
and have their ultimate distal attachment either
in thickened pledra or in the mediastinum, Wﬁile
it is true that neither the mediastinum nof the
chest wall to which the pleura is applied is a
fixed anchor for these fibrous strands, for it is
well known that flattening of the chest wall and
mediastinal displacement are results of fibrotic
~changes, it is also recognised that these deform-
ities are rarely excessive, and even when ex-
cessive, the enormous force required to produce
such marked changes must also exert a very gréat
pull on the cavity wall. Thus, the tendency of
the fibrous strands to contract assists the
physiological forces in keeping the cavity or

cavities patent.
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Given that a length of elastic tissue has to
stretch across a certain distance, if a portion of
the length oftelastic tissue loses its élastic pro-
perties, the remainder of the elastic tissue will
be stretched to a greater extent than before.. On
this princiéle, Parry Morgan (15) has shown that as
a result of-the destruction of the elastic tissue
in a tuberculosis fﬁcus, the lung tissue along any
axis passing through the consolidated mass must be
subjected to greater stretching than the remainder
of the lung.

Since the cavity is essentially a consolidated
mass, the centre of which has been evacuated, the
game conditions must apply in the case of the axis
passing through the cavity. Here, therefore, is
an additional factqr which may keep a cavity patent.

As shown in Diagram B, when the visceral and
parietal pleural are separated by the establishment
of an artificial pneumothorax, the lung is no long-
er applied to the thoracic ﬁall. The elastic and
fibrous strands no longer pull the cavitiy wall to-
wards the pleura; the pleura is now pulled towards

the cavity. In the same way, the cavity wall is
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no longer pulled towards the mediastinum, the whole
lesion, wall and lumen, moves towards the mediastin-
um. The contracting force of the cavity wall is no
longer counteracted by the centripetal forces and
the internal surfaces of the cavity hay eventually
meet and coalesce, so producing healing. By the
same process, tuberculous ulceration of the walls
of the smaller respiratory passages may be healed
by being pressed against other pulmonary structures.
Peters (16), having induced artificial pneumo-
vthorax in a rabbit, injected-a quantity of lamp
black into the animal's circulatory system, The
uncollapsed lung was found to cbntain much more
carbon than the collapsed lung, proﬁing tha% the
circulation of the blood in the collapsed lung is
much smaller than that in the uncollapsed lung. By
means of similar experiments, it has been shown that
the flow of lymph through the lungs varies directly
with the extent of the respiratory movements, so
that the diminution of movement following the coll-
apse of a lung is followed by stasis of the lymph-
atic fluid in that organ. Further, in post-mortem

examinations, it is found that the veins and lymph-




atic channels in a collapsed lung are definitely dil-
'ated, and this must assist in the production of
venous and lymphatic stasis. The effect of such
stasis must be to retard the absorption and distrib-
ution of toxic products and to limit the entrance

of tubercle bacilli into the general circulatien.

A& further effect of compression of the lung, as
seen ih post-mortem examinations, is the’increased
production of fibrous tissue in that lung. This is
probably due to the diminution of movement of the
organ, and is an effect frequently noted in other
structures when subjected to disuse. The result
of this overgrowth of fibrous tissue is to assist
in the walling off of cévities, the constriction or
obliteration of thervascular systeﬁs and the still
further contr#ction of the lung.

When artificial pneumothorax is induced for the
treatment of haemoptysis; the cessation of haeﬁorr—
hage is probably due to the relative immobilisation
of the lung and stasis“of the blood rather than to
compréésion. On the other hand, however, pulmonary
haemorrhage in tuberculosis is frequently due to

the rupture of a vessel in the wall of a cavity and




the arfest_or diminution of such a haemorrhage is no
doubt aésisted by the contraection of the fibrous wall
of the cavity, so compressing the ruptured vessel.

The functioning lung in artificial pneumothorax
has to bear the whole burden of respiration, and this
function is to some extent hampered by the partial
relaxation of the lung due tp the almost invariable
displacement of the mediastinum towards the sound
side. Respiratory embarrassment, howevér, is not a
frequent symptom,probably because, as many workers
have shown, one third or less of the normal total
lung volume is sufficient for ordinary respiratory
requirements,

Since the flow of blood in the collapsed lung is
diminished, additional blood is circulated through
the uncollapsed lung, and this is probably the cause
of the oedema in the uncollapsed lung which occasion-
ally supervenes, and must be constantly watched for.
On the whole, however, the actual mechanical effects
of artificial pneumothorax on the contra-lateral lung
are so slight that they are not of very considerable

importance.
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THE SELECTION OF CASES.

ThevCodnty Sanatorium, Harefield»céntéins’zso
beds for adult cases, and an average of 600 adults
are'admitted each year. ﬂrtificial pneumothorax
was induced in the first hundred caées, all of whom

were adults, over a‘period of four years, so0 that
Vapproximately four per cent of all adult admissions
were eventually so treated. In dealing with patients
'in allvstagés of the disease, other workers report
3.5% to 1Q%‘asAbeing suitable for artificial pneumo-
thorax treatment. Children as such, were not de-
barred from artificial pneumothorax treatment but
the occasion for so treating a child did not arise,
probably because the number of children admitted was
relatively small and these were, in the main, merely
pretubercular or very early cases,

With the exception of a very few cases of acute
pulmonary tubefculosis, all the admissions were cases
of the chronic type of the disease in the early,
intefmediate or advanced stage. Collapse therapy
is probably suitable for almost every case of pul-
monary tuberculosis at some stage of the disease,

and a greater percentage of patients would doubtless




have been offered this treatment but for the fact |
that few of these cases were under speéialised medicai
observation at the time when operative interference
would have been of great value, Further, many cases
considered unsuitable from a clinical point of view |
for pneumothorax treatment, while receiving ordinary
sanatorium treatment, would no doubt reach & stage
after discharge when operative treatmeht; would be
highly beneficial. Clinical opportunity apart, how-
ever, there are several factors which prevent the
application of this special treatment to otherwise
sultable coses. A prospective pneumothorax patient

f mugt face the progpact of operative ireatment for a

? perioed of two years or more, with the added irksome-

| ness of atriot hyglenic supervision, Thereafter,
if the resulta are very favourable, he will only be
able te perform light work for a limited number of
houras per day. In recent years, the question of cost
i1s polved, po far am treatment 1s concerned, by ﬁhe
acceptance of the burden by the local authorities,
but should the patient have family responsibilities,
he may feel that he should attempt to work, in spite

of his impaired and parlous physical condition, in




order to sgfequard the interests of his dependants.

Artificial pneumothorax may thus be refused, to the

detriment both of the patient, and of the interests .

he hoped to protect. The prospect of the discomfort

and inconvenience of the frequent subsequent refilli

occasionally deters a patient from accepting the

treatment and sometimes, even though a minor's con—j

sent has been obtained, the consent of the relatives

is unreasonably withheld,

Mogt of the artificial pneumothorax cases at
Harefield were of patients who had been under ob-
servation in the institution for a period of at
leasﬁ three months and who during that time had
falled to regspond to ordinary sanatorium treatment.
The exceptions were, (a) patients who had been
under dispensary and domiciliary observation by the
Tuberculosis Officer and had been recommended by
him for immediate operative treatment, (b) patients
. with haemoptysis which failed to yield to ordinary
measures and whose pulmonary and general condition
was deemed favourable for collapse therapy, and
(¢) patients with pleural effusion aspirated and

replaced by air. In this latter type of case, the




pneumothbrax was merely a method, when considered
advisable, of preserving the collapse of the lung
already produced by the effusion.

The best results obtained by artificial pneumo~
thorax treatment are no better than the best obtain—%
able by ordinary sanatorium treatment., It behoves
the physician, therefore, to avoid operative meas-~
ures until he is satisfied that ordinary treatment
has failed or is likely to do so. The primary
application of ordinary methods is also of value in
that the physician has an opportunity of observing
and recording the signs and symptoms of the patient
over a reasohable period of time. If, at the end E
of this time, the patient has made satisfactory
progress as shown by increase of weight, diminution
of sputum, absence or abatement of toxic symptoms,
improvement of cough, and evidence of cessation of
gpread of the disease as shown by clinical signs |
and X-ray examinations, then the idea of an artif- }
icial pneumothorax may for the time being be aban-~ {
doned, On the other hand, if the sympioms are
severe and the disease extensive and spreading in

one lung, and if the other lung appears at all




capable of carrying on the respiratory function,
then artificial pneumothorax should usually be
attempted as a last resort. Between these extremes
lie the cases which require the most careful exercise
of clinical deliberation and judgement and it is
impossible to lay dbwn hard and fast rules in select-
ion because each individual case is a problem in it-
self, Given, however, a case with definite moderate-
ly widespread infiltration in one lung and 1ittle or.
no disease in the other lung, and which shows after
several months, neither progression nor retrogress-
ion of the disease, then artificial pﬁéumothorax is
indicated. Further, the given case would be suit-
able for treatment if the disease became or remained
stationary and the symptoms subsided after a period
of absolute rest, but recrudescence of symptoms and
signs took place when the patient undertook grad-
uated exercise or work.

Indications and Contraindications. For the

purposes of the present discussion, pulmonary

tuberculoéis may be classified as follows:i-




1, Acute Pulmonary Tuberculosis,
(a) Acute Miliary Tuberculosis.
(b) Acute Pneumonic Tuberculosis.
(¢) Acute Bronchopneumonic Tuberculosis.

2, Chronic Pulmonary Tuberculosis.

3. Fibroid Tuberculosis.

Treatment by artificial pneumothorax is unsuit-.

able for cases of acute miliary tuberculosis of the
lung owing to the widespread nature of the disease.
No inductions were performed at Harefield in cases
of acute pneumonic or bronchopneumonic tuberculosis
chiefly because early death normally supervened in
the cases of the very few admissions of this type.
Other workers report a few unilatéral cases of acute
pulmonary tuberculosis treated with good results,
but it is generally admitted that with or without
treatment, the outlook is bad.

The majority of the cases treated by artificial
pneumothorax belong to the chronic pulmonary tuber-
culosis group. The classical case for treatment
may be regarded as one of definitely unilateral
disease, Infiltration, caseation and cavitation
can be successfully dealt with by collapse of the

diseased lung, and the presence of some fibrosis is
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all the more favourable in that the ultimate aim
is to obtain extensive fibrosis in the collapsed
organ.

So‘far as the contralateral lung is concerned
in most cases, however, disease short of the invol-
vement of more than one third of that lung is no
contraindication if the disease appears to be non-
progressive, and in this connection, it is note-
worthy that healing may take place in a less aff-
ected lung following collapse of the worse lung.
Cavitation in the contralateral lung 1s a definite
contraindicetion, unless a thick fibrous capsule
has formed and fresh infiltration is definitely
absehf. The presence of toxaemia is not a contra-—
indication, as one of the first and most striking
results of a successful collapse is a fall of the
temperature to normal and a cessation of tachycard-
ia. Artificial pneumothorax treatment in early
chronic pulmonary tuberculosis is usually inadvisab-
le because it is possib;e for the disease to be arr-
ested with or iithout other methods and there is,
too, some slight risk in the actual operations of

induction and refill.‘ Further, it is possible that
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an éarly‘case, other methods of treatment having
féiled, may reach a stage when operative interfer-

ence would be of definite promise, If an artificial

pneumothorax has been performed toc early and aban-
doned, the lung will have expanded and adhesions
may have formed between the two layers of pleurs,
rendering; a re~induction impossible.

When the disease is of the chronic lobar type
as opposed to the chronic lobular type, the whole
or greater part of a lobe becomes a consolidated
mass with loss of its normal elastic resiliency.

In consequence, collapse is difficult or impossible
to obtain,'so that this type of case is unsuitable
for treatment.

. The disease in all the cases of collapse therapy
was apical in character, DBasal disease was occ-
asignally encountered, but this was found to be
associated with apical infection of varlious degrees
of severity.

The border-line between the fibrotic type Qf
chronic pulmonary tuberculosis and'fibroid tuber-
culosis is very indefinite, in fact, the former is

generally the forerunner of the latter and the




diviaion between the two diseases is the artificial

one of text-book classification rather than a clin-

ical reality. A well-marked case of fibrosis of

the lung is usually of slow progress, and cough and
. dyspnoea are distressing features., Artificial
pneumothorax may be attempted if the contralateral
lung is in reasonably good condition and if the dys-
pnoea, which in itself is a contraindication, is not
. too severe, Extensive adhesions are frequently
found and may render even a partial collapse im-
possible and the lung may be so contracted, with
associated traction of the mediastinum to the aff-

f ected side, that further contraction of the lung may
be unobtainable. On the whole, therefore, the treat-
ment is not suitable for fibreid tuberculosis, but
benefit may be reasonably expected in a few care-
fully selectéd cases,

Clive Riviere (12) cites a group of adult cases
analagous t0 the hilum tuberculosis found in children.
These cases are described as having extensive diseasa
on one side, cavitation, if present, being found
comparatively low down in the lung. The contra-

lateral lung is devoid of stethoscopic signs, and




therefore in such cases artificial pneumothorax
would appear to be of value. On examination by
X-rays, however, he found what he terms definite
peri-bronchial tuberculosis 6f-a very chronic type.
Should this disease be active, the apparently sui t—
able case for collapse therapy becomes definitély
unsuitable, although if the hilum tuberculosis is
quiescent, he considers that it need be no bar to
artifinial pneumothorax treatment,

Riviere does not appear to receive support on
this matter from other writers. Hilum tuberculosis
is & well-recognised entity in children, but this
general recognition has not been:extended to adult
cases, It may be that the peribronchial fibrosis,
Possibly.a_forerunner of tuberculosis in some cases,
resulting from bronchial affections other than tub-
erculosis, may be diagnosed on X#réy examination
as a so-called hilﬁm tuberculosis: of the adult.
Apart from tﬁis however, Xéray diagnosis of tubgr-
culosis of the 1uﬁg without other clinical evidence
in éﬁpport, is generally speaking an unwise use of

an excellent confirmatory diagnostic aid.
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The induction of artificial pneumothorax in
cases of haemoptysis has already been referred to in
this section, in dealing with the exceptions to the
practice of treating patients on ordinary sanatorium
lines for a period of several months before consid-
ering the question of operative interference. When
recurrent haemoptysis or large pulmonary haemorrhages

have occurred, and ordinary measures have failed to

control the loss of blood, the induction of artificial

pneumothorax‘may be of infinite value if performed
in time. Occasionally, a rapidly spreading broncho-
pneumonia occurs after a haemoptysis and when this
happens collapse therapy is rarely helpful in avert-
ing the fatal issue. Normally, however, when the
total loss of blood within a few days is more than
800 cubic centimetres, either as a result'of fre~
quent small heemoptysis or a large haemorrhage from
| the lung, induction should be performed. After a
successful induction with cessation of haemoptysis,
the physician must consider the advisability of
maintaining the collapse. Should the contralateral
lung be competent, the collapse should be maintained,

but when it is not reasonably free from disease, the

|
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lung should be allowed to expand about a month
after haemoptysis has ceased. The lung from which
blood is issuing is frequently difficult to deter-
mine, but the knowledge of the presence of cavit-
ation in a lung, discovered previouslj by clinical
and X-ray examination, is sometimes helpful, be-
cause a haemoptysis frequently results from the
rupture of a vessel in the wall of a cavity. Where
no cavitation is known to be present, other indic-
ations being absent, the more diseased lung should
" be collapsed, on the ground that the more disease
there is present in a lung the more chance will
‘there be of erosion of a vessel and consequent
leakage. A very helpful and obvious sign of the
approximate site of the haemoptysis which does

not appear to have been mentioned though doubtless
observed by other workers, is the bubbling sound
caused by the presence of blood in the bronchioles.
This sound is easily detected by stethoscopy and
is occasionally heard by the observer standing by
the bedside. A corresponding bubbling sensation
is also usually felt and located by the patient

himself. In desperate cases, it is wise to coll-
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apse a lung rapidly énd if the haemoptysis does not
cease, and it is thought that the wrong lung has
been'eollapsed, the other lung may be collapsed

| about sixteen hours later, as by the end of that
time é good deal of the air originally iﬁserted will
have been absorbed by the pleura; Alternatively,

the éir originally introduced may be aspiratead as
sooh as it is realised that the fifty per centvchance
'haélfailed, and a collapse may then be produced in
the pthér lung.

From observation of the Harefield cases, thé
presence of tuberculosis fn situations other than in
Athé'iung, with one exception, is not regarded as a
contraindication. The ekception is the presence of
 intestinal tuberculosis in any marked degree. This
| complication is usually associated with péor generai
‘condition and power of resistance and artificial
'ﬁneumothorax is rarely of value. Laryngeal tuber—
culosis was found to be much relieved and in several
cases complete healing of the local condition was
observed, following successful collapse of the
diseased lung. |

Emphysema<of the lungs and the associated dys-




pnoea is a contraindicaﬁion, because collapse
therapy has the effect of reducing still further
the available respiratory surface, with consequent
aggravation of dyspnoea to a distressing and danger-
ous extent. Artificial pneumothorax is also in-
advisable in cases of true asthma and of chronic
interstitial mephritis with associated dyspnoea
and high blood pressure. Pulmonary tuberculosis
is a frequent concomitant of diabetes and previous
to the introduction of insulin, collapse therapy |
was regarded as definitely contraindicated. Now,
hqwever; with insulin readily available and with
facilities for the control of its administration,
artificial pneumothorax is worthy of trial, though
the concurrent treatments are necessarily Iirksome
to the patient and arduous for the physician.
Valvular disease of the heart unless fully compen-—
.sated is a contraindication as also is degenerative
myocarditis. |

Acute infectious diseases are obvious contra-
indications and operative interference in patients
over sixty years of age must be regarded as an
unnecessary burden to these usually very chronic

patients, who have an excellent chance of reaching

their allotted span in spite of their disease.
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Pztients of a highly neurotic tendency are not suit-
able cases for this form of treatment.

The applicability of partial collapse in the
_treatment of pulmonary tuberculosis has been ad-
vocated by Parry Morgan (17). He asserts that par-
tial collapse will produce the advantages claimed
for complete collapse, with the additional advantage
that respiration'will not be materially interfered
with, so that bilateral pneumothorax may be performed.
Anatomically and mechanically, he proves that along
any radial axis in the lung containing a tuberculous
focus, the elastic tension will be greater than a-
long an unaffected axis. This increased tension is
said to have the effect of producing a stretching
bf the focus along the axis and contraction in a
transverse direction, and his conclusion is that the
alternate contraction and relaxation of the tuber-
culous focus ﬁill cause a wide distribution of toxins
and even of tubercle bacilli. By inserting a quantity
of gas smaller than that required for a complete
collapse, he maintains that the gas will settie over
the aréa of increased tension, bringing that tension
into line with the general tension of the lung and

80 abolishing the deleterious pumping action.
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It is noted that Parry Morgan does not claim
that partial collépse is any improvement on complete
collapse except that partial collapse makes bilateral
pneumothorax possible, and even this fact can scarce-
ly be used as an argument in favour of partial coll-
apse, since it is obvious that no one would contemp-
late complete collapse bilaterally. With regard to
the pumping of the toxins and bacilli from a focus
as a result of the increased elastic tension, there
is no proof that the increase of tension will be
sufficient to overcome the resistance of the tuber-
culous focus to deformity. The possible rigidity
of the tuberculous focus may be very slight, but
the increase of tension relative to the general nor-
mal elastic tension of the lung must also be very
slight, Parry Morgan's statement in this respect,
must therefore be regarded as an interesting theory
rather than a proven fact.

With regard to the general aspect of deliberate
partial or selective collapse, it is a fact that a
large number of the céses of therapeutic collapse,
as a fesult of the presence of adhesions, are cases

of partial collapse only. In the Harefield series,




though the aim was complete collapse, 40% of the
cases had only partial collapse and these were main-
tained when possible with a fair degree of ultimate
benefit. Further, the more complete ithe collapse

of the lung, the greater is the distance between the
pleural surfaces and the smaller is the chance of
their touching as absorption of air takes place.
When partial collapse is. the aim, dimpling of the
‘lung in the region of the lesion will probably take
place but the pleural surfaces in the healthier
areas will no doubt meet at some time or other during
the maintenance of the collapse, more especially to-
wards the end of a period between refills. The meetf
~ing of the pleural surfaces may result in an adhesion
which may gradually enlarge and ultimately involve
the whole of the pleural surfaces with consequent
termination of the pneumothorax. This gradual
spread of adhesions is frequently the spontaneous
and favourable termination of a collapse of the
complete type of several years duration. Obviously,
if the collapse is partial, this process will tend
to occur earlier than in a complete collapse, and a

premature abandonment of the treatment may be necess-




itated. The conclusion, therefore, is that in
artificial pneumothorax, the aim should be complete
collepse and if partial collapse only is obtainable,
good results may still be obtained.

The use of X~-rays has been referred to several
times in discussing the selection of cases, but the
full consideration of the value of radiology be-
fore, during énd after artificial pneumothorax will
be dealt with in a later section,

The selection of cases for operative treatment
ai Harefield was carried out on the lines already
discussed, and statistics in connection with these
cages are worthy of consideration.

Age—grouping (Table 1) demonstrates that 88
per cent of the cases induced were between the ages
of 15 and 35 years and that only Z% were over 40
years of age. The youngest and oldest cases were
15 and 54 years of age respectively; The prepond-
erance of cases amongst comparatively young patients
is ag it should be, because, as Hippocrates observed,
fatalvtuberculosis is more common between the eight-

eenth and thirty-fifth year.




AGE. WONEN . MEN. TTOTAL.
15— 20 19 34 Iz3
21 -- 25 23 i %0
26 — 30 8 10 118
21l - 35 3 £y ] 7
36 .— 40 5 4 9
41 - 45 - 1 1
46 - 50 - 1 1
51 - 55 1 - 1

In Table 2, it is noted that in 76 per cent of

% the cases eventually induced, the onset of the dis-

é ease was insidious, the early symptoms being malaise,
progressive loss of weight and slight rise of temp- |
erature in the evening. 13 per cent of the cases
commenced with marked haemoptysis and in 11 per cent |
the development of pleurisy with effusion was the
first indication of the presence of the disease. The'

average estimated duration of disease before induc-

tion was 2.25 years.
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TABLE 2.

WOMEN. MEN. TOTAL.

INSIDIOUS
ONSET. 46 30 76

ONSET WITH
MARKED 7 6 13
HAEMOPTYSIS.
ONSET WITH
PLEURISY 6 5 11
WITH
EFFUSION.

Table 2 shows the classgification of the cases
according to the primary reason for induction. 53
“per cent showed unsatisfactory or complete lack of
responge to ordinary treatment, 14 per cent had
severe haemoptysis and the remaining 33 per cent
were treated by artificial pneumothorax as a last
resort, It is worthy of mention that only 3 of the
13 cases with onset of severe heemoptysis were later

collapsed because of severe haemoptysis. 8 of the

insidious cases and 3 of the cases which commenced”

with pleurisy with effusion were so treated.
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TABLE 3,

REASON
FOR WOMEN , MEN, TOTAL.

INDUCTION.

RESPONSE ‘
TO ORDINARY 33 20 53
TREATHENT

SLIGHT OR NIL.

SEVERE

HAEMOPTYSIS. 7 7 14

PROGNOSIS

BAD WITHOUT 19 14 3Z

A. P,

In Table 4, the cases are divided according
to the side treated by artificial pneumothorax
and further sub-divided according to the presence
or absence of disease in the other lung before
induction. 41 per cent of the cases were induced
on the right side and 62 per cent of all cases
had unilateral disease before induction. The
preponderance of left-sided inductions illustrates
the widely-observed phenomenon that marked wide-

’spread disease is commoner in the left lung than

in the right.




LY

RIGHT-SIDED

. A, P. CASES,

LEFT-SIDED
A. P, CASES.

TOTAL.

-5 G

TABLE 4.

WITH WITH
BILATERAL UNILATERAL
DISEASE. DISEASE.

16 25

22 ' - 37

38 1 62

TOTAL.

41

59

100
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THE TECHNIQUE OF ARTIFICIAL PNEUMOTHORAX.

The apparatus used at Harefield is that devised
by Lillingston and Pearson (Diagram C). It consists
of two glass bottles closed by means of rubber stop-
pers. One bottle A, is graduated in terms of cubic
centimetres and acts as an air reservoir, and the
other bottle B, acts as a fluid reservoir, the fluid
being 1-200 carbolic acid solution coloured by the
addition of a small amount of methylene blue., Long
glass tubes C and D, pierce the stoppers and reach
to within one centimetre of the bottom of the bottles
and these glass tubes are connected by means of a
length of rubber tubing E. The combined glass and
rubber tubing when filled with fluid forms a syphon
by means of which the fiuid can be made to flow from
the water reservoir into the air'reservoir, and this
flow 1is controllablq by varying the relative heights
of the.bottles and also by a clip F, attached to the
rubber tubing E. As fluid flows into bottle A, air
is displaced through a short glasa tube H to which
is connected a rubber tube J, leading to the pneumo-—
thorax needle K. The amount of air which passes

through the needle is the amount of air displaced
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from the air reservoir and this is measured by the
amount of displacing fluid which has flowed into
bottle A, as registered by the graduations thereon.
The tube J has four interruptions. First, a clip
L, is attached to the tube near the air reservoir
by means of which the flow of air along the tube
can be diminished or stopped. Secondly a gless
T-piece T, is inserted in the tube by means of
which a branch rubber tube is led to a U- tube U,
half-filled with coloured water and graduated to
form a weter manometer measuring pressure in cent-
imetres of water. At the top of the closed limb
of the manometer, there is a bulbous enlargement
M, which assists in preventing the aspiration of
the fluid from the manometer in the event of a
high negative pressure developing suddenly in the
rubber tubing system, Thirdly, a glass bulb GL,
pecked with sterilised cotton wool, is interposed
in tube J, in order to filter the air which passes
to the needle. Fourthly, a short straight piece
of glass tubing is inserted in tube J. This acts
as a window through which the operator can observe

any blood or serous fluid which may have passed

Y
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through the needle under pressure into tube J,
The needle used is’the Saugman needle (Diagraq
D) of 1.2 millimetre bore. This needle consists
of three separate portibns, namely, the needle
proper J, a three-way connection H, and a stilette
G. The needle J has an oblique point F, and near
the point there is a small hole E. The joint
between needle J and connection H 1s made aif—
tight by means of a small leather washer'D, The
lumen of the connection between B and D can be
closed by means of a tap A. When used for an
induction or a refill operation, a rubber tube
leading to the air reservoir is connected to C
and the tap A is closed, Should the needle become
blocked it may be cleared by inserting the end of
the étilette into the inlet B, opening tap A and
passing the stilette through the neédle to point
F. The opening E is useful in that the lumen of
the needle is still connected to the pleural cavity,
in the event of the point of the needle becoming
blocked, ’
Most workers appear to use the Riviere trocar .

and cannula for inductions and the Saugman needle
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for refills. This was the procedure at Harefield
for the earlier cases, but for the later cases, the
Saugman needle was used both for induction and re-
fills. The Riviere trocar is, of necessity, blunter
than the Saugman needle, and in dealing with a tough
skin and a thin chest wall there is a danger, the
skin having been pierced after a relatively great
application of pressure, of.the trocar travelling
with considerable momentum through both layers of
pleura and causing damage to the lung tissue, It is
true that the instrument is fitted with a guard to
prevent this accident, but it is difficult to es-
timate the thickness of a chest wall sufficiently
accurately to set the.guard safely. Further, the
guard being movable may itself be moved by an accid-
ental sudden entry of the trocar and cannula. The
Saugman needle, on the other hand, being very sharp
is thrust through the skin and chest wall under per-—
fect control, the sensation of the actual puncture
of parietal pleura is felt by the operator and the
needle is safely thrust into the pleural cavity.

It may be argued that the Saugman needle being

sharper than the Riviere cannula will more readily




injure the lung and visceral pleura when it comes
in contact with these tissues, as it must occasion-

ally do. In the cadaver, if one slowly and progress-

ively pushes a Saugman needle against a serous mem—

brane such as pleura, it is found that very definite}
resistance to the entry of the needle is felt, beforé
actual puncture of the membrane tekes place, Simil-!
arly, when one is practised in acupuncture, the re-
sistance of the visceral pleura can be felt when this
membrane is touched during an induction, and the
operator is warned to penetrate no further., Slight
injury to the visceral pleura short of actual pun-
cture may be done, but this is trivial in comparison
to the relatively great injury caused to the parietal
pleura by puncture at induction and at each subse-
quent refill, with apparently no permanent damage.
With the point of the needle K in the pleural
cavity and clip L closed (Diagram C), the pleural
cavity is disconnected from bottle A, but is comn-
ected with manometer U, As already shown, the
pressure in the pleural cavity‘varies with each

respiration and this variation is shown and measured

in centimetres of water by the oscillation of the
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column of water in manometer U, If the level of
the water in bottle B is made higher than that in
bottle A, either by the presence of excess of water
in bottle B or by raising bottle B by means of woodej
blocks, and if clips F and L are open, water will
flow from bottle B into bottle A and air will flow
from bottle A to needle K, The manometer U'will
now register the variations of the pressure in the
pleural cavity as modified by the pressure of the
air in bottle A, At any time, by clipping tube J

at L, the true pleural pressure can be read on the
manometer scale so long as the needle K is not
blocked.

The decision having previously been made that
artificial pneumothorax should be induced, the
patient, several hours after a light breakfast,
receivesva quarter of a grain of omnopon hypodermic-
ally, the induction being commenced about 40 minutes
later. The administration of omnopon has & lulling
effect on the naturally increased excitability of
the patient and this drug is better than morphine
in that it is less likely to cause vomiting. At

Harefield, the actual operation takes place in the
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patient's own cubicle which is cleared of unnec-
essary furniture, the patient being on his bed
and the whole being suitably screened. By these
means the disturbance of the patient is minimised
and he is more likely to face that which he at
first regards as an ordeal, with more equanimity,
The apparatus sits on a table drawn close
to the bed, sterile bowls containing the steril-
ised instruments being placed on sterile towels.
The needles are stored in absolute alcohol and

when required for use are dried by being passed

through the flame of a spirit lamp. The operator'%
hands are prepared as for any aseptic surgical
operation,

The patient lies on his sound side facing
away from the apparatus because it is found that
if he is able to observe the manometer, on dis-
covering that the oscillations correspond to his
own respirations, his respiratory rhythm ceases
to be natural. A well-stuffed pillow is placed
below his chest so that his vertebral column is
flexed laterally and the intercostal spaces wide-

ned on the side chosen for operation, The site
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of the proposed puncture and a wide surrounding
area is thoroughly cleansed with soap and water,
dried with a sterile towel, and heavily painted
with tincture of iodine by the nurse in attendance.
The operator then surrounds the area with sterile
towels,

The question of the selection of the site for
puncture has been discussed by many writers and per-
cussion, auscultation, radioscopy and radiography
are advoéated as important aids in deciding whether
pleural thickening or adhesions are present. These
methods are doubtless of considerable value but
they may occasionally be very deceptive, and the
only sure way of being certain that free pleural
space is available is by actual trial, A careful
puncture does no harm if it fails and other sites
may then be tried, though the experience at Hare-
field is thdt each subsequent trial has a smaller
chance of success, doubtless due to the fact that
adhesions when present are usually numerous and
fairly widespread. The usual site for puncture is
in the fourth, fifth, or sixth interspace in the

mid-axillary line., In this region, the chest wall
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is relatively thin and in the underlying portion
of the pleural sac, the lung makes a relatively
large respiratory excursion, thus reducing the
chances of adhesions. If two or three punctures
fail in this area, a further attempt is made on the
following day through the eighth or ninth inter-
spaces ahout four inches from the vertebral spines,
A good site for puncture is through the "Triangle
of Auscultation" Situated near the‘infefior angle
of the scapula and bounded by the vertebral border
of the scapula, Trapezius and Latissimus dorsi.

If the patient bends forward at the same time fold-
ing his arms, the sixth and seventh ribs become Sub-
cutaneous at this point, offering an easy route

for the needle. As a last resort the second inter-
space in the mid-clavicular line may be selected
for puncture.

The chosen site is now anaesthetized by means
of a proprietary preparation known as Eudrenine,
Two cubic centimetres are normally used for each
puncture, one cubic centimetre of the solution con-
taining 1th grain of benzamine hydrochloride and

6

1 grain of adrenalin chloride in physiological
2000 th
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sodium chloride solution and preserved with chlore-
tone. Benzamine hydrochloride is very rapid in
producing local anaesthesia and even in 1 grain
doses appears to be non-toxic. Its‘action is re=-
inforced by the presence of the adrenalin chloride
which produces a practically bloodless field and
controls capillary bleeding.

Anaesthetization is commenced by raising a
bleb by injecting a small quantity of the local ana-
esthetic intradermally., The needle is now withdrawn
and with the hypodermic syringe vertical to the skin
surface and with the needle point in the centre of
the bleb, the needle is slowly advanced through the
intercostal tissues, the anaesthetic belng steadily
injected the while, When the needle is felt to
have reached the pleura, the remaining 3-1 cubie
centimetre of the solution is ejected from the syr-
inge. The procedure is quite painless except for
the initial intradermic prick.

A few minutes later, the Saugman needle is made
to follow the track of the hypodermic needle. The
resistance of parietal pleura is felt; the needle

is thrust slowly through the membrane, the puncture




being accompanied by a snap which is always felt
and occasionally heard by the operator. In favour—
able cases, the manometer at once shows negative
oscillations through a range of at least five
centimetres of water and the reading is duly re-
corded., With the fluid in the bottles level, the
clips are opened and air is sucked into the pleura1;
cavity. After 300 - 400 cubic centimetres of air
have been allowed to enter, the clips are closed,
the manometric readings, now less negative, are
taken and the needle is withdrawn. The needle
track is noﬁ broken upkby deep massage in order to
. reduce the chance of escape of air and the needle
wound is sealed by the application of a small par- §
ticle of cotton wool soaked in collodium flexile,
Every puncture is not so successful as that
described because the pleural cavity may not be
entered owing to the presence of an adhesion. A
puncture must then be made elsewhere. The needle
may be blocked with blood or a small piece of fat
or other tissue, in which case the stilette is used
to clear the needle, in order to obtain free mano-
metric swings. If good oscillations are obtained

and only about 100 cubic centimetres of air are
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sucked in, a further 200-200 cubic centimetres can
be safely inserted by raising the level of water
in bottle B about 5 centimetres above that of
bottle A. Should the manometric pressure become
rapidly positive under these circumstances, the
needle is probably in a free pleural pocket and a
partial collapse only is the best that can be
hoped for, When severe haemoptysis is the reason
for induction, 800 - 1000 cubic centimetres may

- be inserted, because rapid extensive collapse

of the 1ﬁng is essential if benefit is to be ob-
tained. When the collapse is not urgent, however,
the amount of air inserted at first should not
exceed 400 cubic centimetres. Now, the pleura
has considerable power for absorbing air, es-
pecially in the early stages of pneumothorax, and
refills of air are necessary both to preserve and
increase the collapse obtained at induction.
During the twenty-four hours following induction,
the condition of the contralateral lung, the
position of mediastinum and general siéns and
éymptoms are closely observed, and if these ob-

servations are satisfactory, the first refill of
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ébout 400 cubic centimetres of air is given. The
technique is the same as for induction except
that there is usually no difficulty in obtaining
satisfactory manometric oscillations, ‘A11 being
well, the second refill is given on the second
day after the first refill, the third refill is
given on the third day after the second refill
and so on until the eighth refill is given on
the eighth day after the seventh refill, the
artificial pneumothorax being now & month old.
The refills are then given weekly for several
weeks and thereafter the interval beiween refills
is gradually extended until at the end of six
months the interval is from two to three weeks.
As the interval increases, the amount of air in-
serted is increased up to 600-800 cubic centimet—
res, depending upon the size of the patient and
the condition of the pleural cavity. It 18
rarely advisable to insert more than 900 cubic
centimetres or to have an interval longer than
six weeks. At the end of a year in an average
patient with a good collapse, the usual refill is

one of 800 cubic centimetres at an jnterval of
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four or five weeks, ‘

For three days after induction, the patiént is
kept at absolute rest. Thereafter, he remains in
bed but the regimen is not so strict and at the end
of three weeks he is allowed out of bed for grad-
ually increasing periods so long as no untoward
symptoms or signs developé. Eventually, the patient
is given walking exercise and light work between
refills, though a few hours rest in bed is pre-
scribed after each refill.

The spacing and size of the refills must be
governed by the condition of the lungs and pleura
in each individual case. A study of the mean intra-
pleural pressures before, during and after each re-
fill is of the greatest importance. Excessively
high final mean pressures are to be deprecated, be-
cause it is noted that the incidence of fluid de-
velopment is greater when high pressures are pro-
duced than otherwise, probably because some tear-
ing of adhesions followed by pleurisy with effusion
may be caused by a high intrapleural pressure.
Further, if adhesions are present and a high press-

ure is injudiciously used with the idea of stretch-
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ing or breaking the adhesions, the latter may be
80 sfout that tearing of the lung will occur with
a resultant spontaneous pneumothorax and a possible
pyogenic infection of the pleural cavity.

A general rule followed at Harefield is that
the amount of air inserted should be the smallest
compatible with obtaining the collapse desired so
long as the reépiratory movements of the collapsed
lung are reduced to a minimum, By so doing, gross
mediastinal displacement and the other harmful eff-
ects of too high pressure are generally avoided.

Complete or partial collapse having been ob-
tained, the question arises as to when the pneumo-
thorax should be discontinued. In several of the
Harefield cases, the pneumothorax was abandoned
after the first or second refill on the ground that
adhegsions were so extensive that the collapse ob-
tained was so slight that no benefit could be ex-
pected. It was consideréd advisable to discontinue
a few cases because of the occurrence of'faintness,
dyspnoeic distress or pain subsequent to refill.

In several cases, the treatment was abandoned when

it became apparent that the subject was approaching
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& moribund state in spite of treatment. Two cases
developed tuberculous empyema, thus bringing the
treatment to a cldse, and one case died of tuber-
culous meningitis, twenty-one months after‘induction
and after twenty-six refills. 1In the large majority
of cases, the problem of discontinuance was solved
by a gradual spontaneous development of adhesions
and a concurrent unpreventable expansion of the lung
In the cases of several patients; after a period of
treafment of from two to four years, who had no
symptoms and who were considered fit for work, the
lung was allowed to expand simply by discontinuing
the refills. Generally, in dealing with the chronic
type of case, the aim was a minimum of two years
treatment followed by abandonment of the pneumo-
thorax when quiescence had been achieved.

Several of the Harefield cases were not in-—
duced by the method described above, the artificial
pneumothorax being a sequel to air replacement of
a pleural effusion. The refills and subsequent
treatment in such of these cases as were considered
to be suitable for continued pneumothorax were sim-

ilar in all respects to the treatment already de-
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scribed. The method of fluid replacement by air
about to be described was also the method of refill
in artificial pneumothorax cases complicated by the
development of fluid, when it was deemed advisable
to evacuate this fluid.

In fluid replacement, the patient assumes a
sitting position in bed. After the usual prepara-
tions, the artificial pneumothorax needle éonnected
with the apparatus (Diagram C), is inserted through
the cheét wall, in the axillary region, into the
pleural cavity. If this needle reaches air in the
pleural cavity, marked negative oscillations will
be registered and the negative pressure may be so
great as to aspirate the fluid from the manometer
if the operator fails to prevent this accident by
quickly pinching the rubber tube leading to the
manometer. If the needle is in fluid,‘however,
there will be no oscillation and the pressure may
be negative or positive. If very markedly positive,
the fluid will rush up the needle and be observed
by the operator in the glass window near the needle,
in whicﬁ case the clips should be quickly closed.

Using a local anaesthetic as before, a large
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bore Séugman needle is inserted through the eighth
or ninth intercostal spaceé in the mid-axillary
line, the inclination of the needle being upwards.
The arrival of the point of the needle in the fluid
in the pleural cavity is indicated by the escape
of fluid from the needle, sometimes under consid-
erable pressure. The flow of fluid is stopped
temporarily by fitting a piece of rubber tubing

to the needle, the tubing being closed by means of
a ¢clip. ‘The rubber tubing is connected to the
aspirating apparatus (Diagram E), which is placed
on the ﬁable near the bed.

The apparatus consists of an empty graduated
bottle A of about two litres capacity and a bottle
B filled with about six litres of water; The
bottles are s toppered and fitted with glass tubes
C,D,E and F as indicated in the diagram. A long
rubber tube G, fitted with a clip H, leads from
glass tube F to a large open vessel J placed on
the floor. Glass tubes D and E are connected by
means of another length of fubber tubing. A rubber
tube K leads to the Saugman needle N, a short piece

of glass tubing L being inserted as a window. The
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clip M is already closed to stop the flow of serous
fluid from the chest., The tubes F and G are filled
with water and c¢clip H cloged., It is readily seen
that with the point of the needle N in the pleural
fluid and with clips M and H released, water flows
from bottle B by siphonage into receptacle J, air
flows from bottle 4 into bottle B to replace the
siphoned water and the air in bottle A is replaced
by fluid passing through needle N,

With both needles in the pleural cavity, the
fluid is thus aspirated, air being allowed to flow
into the'pleural cavity, if free manometric swings
have been obtained. If the pneumothorax needle is
in fluid, however, no manometric oscillations will
be obtained and sufficient fluid should first be as-
pirated to allow the level of the fluid to fall be-
low the point of that needle. At frequent intervals ;
during the operation, both sets of apparatus are
clipped off in order to obtain a manometric reading.
If the manometric pressure is markedly negative,
the rate of inflow of air relative to the rate of
outflow of fluid should be increased gnd vice versa

if the pressure is marke% positive. The final mean
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pressure should be left at about zero.

It is occasionally advisable in cases of pyo-
genlc infection of pleural effusion to wash out the
pleural cavity with normal saline. This may be done
by connecting a long pilece of rubber tubing to inlet
B of the pneumothorax needle (Diagram D), opening
tap A4, clipping off the pneumothofax and aspirating |
apparatus and pouring warm sterile normal saline
into the funnel P and so through the needle K into
the pleural cavity. The rate of flow is controlled
by means of tap A, The pus and saline washings
can then be aspirated and air replacements made
under manometric control., The method is illustrated
by Diagram F,.

Dangers, Accidents and Incidents.

PLEURAL SHOCK, Many writers report the occurrence
of pleural shock in a very small péréentage of their
cases of artificial pneumothorax or similar opera-
tions involving the puncture of the pleura. The
condition appears to arise at the moment of the
pleural puncture by the hypodermic or the pneumo-
thorax needle, though isolated instances are record-

ed where the symptoms did not arise until an app-
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reciable amount of air had been inserted into the

pleural cavity. The signs and symptoms appear to
include lividity of the complexion, faintness or
complete collapse, imperceptible pulse and serious
respiratory difficulty. Cases of sudden death
without any monitory symptoms are mentioned in the
literature on the subject. The cause of pleural
shock has not been definitely ascertained and the
accident has created some considerable controversy.
Afferent reflex impulses to the medulla via the
sympathetic system resulting from injury to the

pleurea has been suggested as a cause, these re-

flexes being cardio-inhibitory, or vasomotor with |
consequent rapid decline of blood pressure. Only |
one case of pleural shock occurred amongst the
Harefield cases., A refill was about to be given
on the right side of a female patient, age 30, who
was suffering from advanced pulmonary disease and
who was of very nervous disposition. Eudrenine
was being injected and as soon as parietal pleura
was reached, the patient suddenly became rigid,

the pupils were dilated, the radial pulse could

not be felt and respiration ceased. An intra-

muscular injection of pituitary extract was given




at once and was immediately followed by a gasp from
the patient. Revival was at first slow, but recov-
ery was complete in two hours, Approximately 4600
pleural punctures were made at Harefield in dealing
with the first hundred cases, and the case described
is the only one of pleural shock observed.
Occasional complaints of faintness during refills
were made by other patients, but these symptoms
created no anxiety. If the reflex, as has been
suggested, is of the vasomotor type, the presence

of adrenalin in the local anaesthetic used, may be
of value in minimising pleural shock in that adren-
alin as a vaso-constrictor would counteract the

fall of blood pressure caused by the reflex. Further
the habit of placing a quantity of local anaesthetic
on the pleura before puhcture may be of value in
avoiding pleural shock.

CEREBRAL EMBOLISM. No cases of cerebral embolism
6ccurred as a result of artificial pneumothorax
operations at Harefield. Several workers, however,
have recorded the occurrence of this accident.
Cerebral embolism is probably due to the lodgement
of an air bubble in an end-branch of one of the

cerebral arteries, the air being carried via one




of the pulmonary veins into the general circul&iion,
following accidental puncture of the lung tissue

by the artificial pneumothorax needle. It is prob-
able that air embolism would be entirely avoided

by the observance of the following precautions,
The’pneumothorax needle should never be inserted
before the air reservoir has been shut off by means
of a clip., No air should be allowed to enterruntil
reasonably free oscillations of the manometerlare
observed. The patient should be instructed to re-—
frain so far as possible from coughing or breathing
deeply while the'operation is being carried on, or
where cough is frequent and troublesome, the patient
should be trained to warn the operator by means of
a pre-arranged signal that he is about to cough, and
on receipt of this signal the operator should temp-
orarily stop the flow of air, leaving the needle. in
situ., However, so far as cerebral embolism in
artificial pneumothorax is concerned, the position
is well summed up by Rist (18) when he says,.......
"we can repeat with Forlanini that cerebral em—
Bolism belongs to the historical period of pneumo-

thorax therapy®.




PUNCTURE OF THE LUNG, Adhesions between the pariet+
al and visceral pleura are frequently accompanied
by thickened pleura, and on inserting the pneumo-
thorax needle, the operator on reaching parietal
pleura may mistake the resistance of adherent lung
for that of thickened parietal pleura. This being
so, he pushes the needle on and instead of entering
the pleuralcavity, the needle punctures the lung.
Such an occurrence is indicated by a slight neg-
ative pressure wfthout oscillation of the manometer,
followed by progressive increase of this negative
pressure at each inspiration. The needle.ié finally
blocked by blood clot, the manomeﬁer indicating a
high stationary negative pressure. Several such
accldents occurred at Harefield and in these cases,
the needle was rapidly removed and apart from sub-
sequent very slight haembptysis, no harmful results
were observed. The occurrence of this type of
accident under the circumstances indicated is app-
arently unavoidable.

SURGICAL EMPHYSEMA. This accident occurs in the

two forms, namely, deep and superficial. Deep




emphysema is the result of allowing air to escape
before the needle has pierced the parietal pleura
or after it has pierced both layers of pleura. The
alr travels external to the pleura sac, either in-
ternal to the chest wall or through the mediastinum
and reaches the neck region causing pain, dysphagia
and in a few cases, death from asphyxia. No cases
of deep emphysema occurred at Harefield.

Superficial emphysema was, however, a frequent
occurrence. After most refills, the final mean
intrapleural pressure was either negative or very
slightly positive. The final pressure was markedly
positive in only a few "veteran" cases., It has been
experimentally demonstrated that after a refill, the
intrapleural pressure is definitely raised as soon
as the patient sits up. An increase of pressure is
also caused by the expansion of the inserted air
as it is warmed by the enclosing tissues and a fur-
ther increase is produced by the diffusion of carbon
dioxide from these tissues into the pleural cavity.
This diffusion is counterbaianced, to some extent

however, by the absorption of oxygen by the pleura.
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These factors, therefore; create a high intrapleural
pressure several hours after refill, relative to
the intrapleural pressure immediately after a refill.
In addition, if a patient suffers from frequent and
violent attacks of coughing, the intrapleural
pressure becomes markedly high during the periods
of obstructed expiratiOn,Aand‘some of the pneumo-
thorax air may be forced along the needle track
into the subcutaneous tissues and musculature of
the thoracic wall, This condition can to some ex-
tent be prevented by deep maésage, as previously
mentioned, of the needle track éfter withdrawal of
the needle, Superficial surgical emphysema causes
pain and stiffness in the region affected and-gives
rise to a crackling sensation on palpation.
Treatment consists of placing a firm pad over the
needle wound, held.in position by means of strapp-
ing tightly applied. In such cases the patient
should remain in the recumbent position for at
least twelve hours after the refill,

NEEDLE ACCIDENTS other than puncture of the lung

are relatively uncommon. In one case at Harefield,
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during injection of the local anaesthetic, the
hypodermic needle broke off at the hilt just as ‘the
needle point had reached the parietal pleura. The
chest wall was thick and the fragment of the needle
was completely embedded. It was soon located,
however, by cutting down with a scalpel, which is
always available at every chest operation, and
easily extracted with forceps.

Sharp pain was occasionally experienced by
patients, especially of the alar-chested type with
narrow intercostal spaces, as a result of injury‘to
the intercostal nerve running in the costal groove
just internal to the lower border of the rib, Blood
clot blockage of the needle may also follow injury
to one of the intercostal vessels in the same sit-—
uation, and subsequent bleeding along the needle
track may be troublesome. These occurrences may
usually be prevented by avoiding any tendency to
upward inclination when inserting the needle. They
are not usually, however, of serious consequence.

Septic infection of the needle track in

ordinary induction and refill operations is
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inexcusable and is prevented by the observance of
stfict aseptic precautions and the sealing of the
skin puncture with cotton wool charged with collodium
flexile.

PAIN is a frequent occurrence aftér artificial
pneumothorax operations. The patient complains
first of tightness and later of pain in the side
treated. Thevpain is probably due to some stretch-
ing of adﬁesions and when present is often referred
to the shoulder, Relief usually comes after several
hours, but when severe, the pain may be treated by
the administration of morphine or omnopon.

DYSPNOEA of slight severity is present in many
cases, especially after the earlier refills. It is
also frequently associated with mediastinal dis-
placement which 1s dealt with in a later section.

On rare occasions, severe dyspnoea has necesslitated
the aspiration of some of the air inserted.

& noteworthy incident is that which occurred
during a refill, when as a result of an uncontroll-
able fit of coughing, the fluid of the manometer
was completely blown out by the resultant sudden
development of an'extremely high intrapleural press-—

ure,




An equally sudden and uncontrolled refill of air
through the now empty manometer tubing was prevented
by quickly closing the lumen of the rubber tubing
near the needle,

To the inexperienced operator, an increase of
cough and sputum after the first few refills may
give rise to anxiety as indicating that the patient
is definitely worse, These symptoms, however, are
frequently noted and are the result of the collapse
of the lung and the consequent expression of path-
ological products from the alveoli. When this
temporary excess of material has been removed

by coughing, the symptoms usually subside.




RADIOLOGY IN PNEUMOTHORAX TREATMENT.

It is now generally accepted that in the
diagnosis and treatment of pulmonary tuberculosis
there is something to be learned from X-ray exam-
ination in every case. When collapse therapy is
under consideration, X-ray evidence is of still
greater importance in that it is essential not
only to know of the existence of the disease but to
have detailed information as to the distribution and
character of the disease in each lung and its
pleural coverings. It is true that much of this
information can be acquired by means of clinical
examination, but X-ray results are valuable in that
they confirm information gained by other methods
and may also demonstrate additional facts undis-
covered by these methods. Further, if X-ray find-
ings always agreed with the results of ordinary
examination of the chest, they would of of little
value to the clinician, and it is this liability
to disagree as well as to confirm that constitutes
the value of radioscopy and radiography.

In the selection of cases at Harefield, X-ray

examination always followed clinical examination.




Radioscopy gives information as to respiratory
movements of the diaphragm, lighting up of the
pulmonary apices on inspiration and the position
and movements of the heart., Radiography, in add-
ition to providing a permanent record of the con-
dition and situation of the thoracic viscera and
confirming or correcting results, is useful in
locating adhesions, cavities and calcified lesions.
Pulmonary consolidation and pleural effusion are
clearly shown, and the presence of a hitherto un-
suspected small spontaneous pneumothorax is ocec-—
asionally revealed. It has already been shown
that the presence or absence of disease in the
better lung is of considerable importanceiin con—
sidering collapse therapy, and a radiograph frequent-—
ly discovers the existence of deep-—seated disease
when other signs are absent. As a rule, X-ray
examination demonstrates that disease in a lung

is more extensive than the physical signs indicéte,
so that on the whole it appears that so far as the
extent of the disease is concerned, radiography

gives the more correct idea. The value of X-rays,




however, is considerably less than that of ordinary
clinical methods in deciding upon the activity of
pulmonary lesions, and for this, one must continue
to depend upon symptoms and signs.

Print 1 is of a radiograph of Case 8 before
artificial pneumothorax was induced. Fairly wide-

spread disease, except at the apex of the upper lobe,

'is shown on the left side, the heart being displaced
'slightly to the left, Physical signs of active dis-
iease on the left side were found and there was a
moderate degree of systemic disturbance, No physical
signs were apparent in the right lung, but here the
film shows some mottling and root shadows. The
interpretation was that the right lung was under
suspicion as being slightly affected, but clearly
capable of carrying on the respiratory function.
This case was therefore regarded for the purpose of
artificial pneumothorax, as unilateral. |
Radioscopy is most valuable after induction
has been performed in observing the extent of the
collapse obtained and in ascertalning after subsequent
refills, the rate at which the lung tends to expand.

The greater the collapse obtained, the denser 1is the




shadow of the collapsed lung and an effective
collapse is one in which respiratory movements of
the organ are absent or nearly so. The chest should
be examined radioscopically, at least, soon after

a refill and occasionally during that refill inter-
val, so that the next refill may be given before

the lung re—expands., Re—expansion can be completely
prevented by this means, but it has been found that
slight re-expansion as opposed to definite resump-
tion of respiratory function is no disadvantage.

In this way it is possible to estimate the most
suitable interval, during the first few months of a
pneumothorax, so that radioscopy may later be per-
formed on less frequent occasions, chiefly for re-
vising the length of the intervel and for the |
observation of any complication that may arise.

The presence of fluid in the pleural cavity is read-
ily observed by X-ray examination, and it is note-
worthy that the level of fluid in pneumothorax is

horizontal, in contradistinction to the curved

‘upper level of ordinary pleural effusion. Radio-

scapy in cases of hydropneumothorax demonstrates




delicate ripples on ihe surfacé of the fluid, when
the patient is instructed to give a sudden jerk.
Mediastinal displacement is also observed by radio-
8copy, and it is possible to remedy this condition,
by varying the size and interval of refills, under
visual control, Flattening and occasionally in-
version of the diaphragm often follows insertion
of air into the pleural sac, and this also is
demonstrable by means of X-rays. Adhesions between
the lung and the parietes are similarly detected,
and also adhesions between the diaphragm and the
mediastinum or the chest wall, X-ray observations
at Harefield were usually made with the patient in
the standing position, but occasionally, when a
patient was very weak, it was necessary to radio-
graph him in the recumbent position.

& series of eight films were obtained of the
chest of Case 8. This was the case of a female
patient, aged 22, with moderately widespread left-
sided disease and some systemic disturbance. The
spﬁtum wes posi%ive and the weight on induction

was 9 stones % pounds. The reason for induction
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was the poor response to ordinary sanatorium treat-
ment. Print 1, showing the condifion immediately
before induction, has already been described, Print
2, taken after the second refill, shows partial
collapse of the lower two-thirds of the left lung,
the mediastinum being in the normal position, where-
as before induction it inclined slightly to the
left. Print 3, taken after the sixth refill, shows
further collapse of the lung along the mediastinum,
the apex remaining uncollapsed. Print 4, after
twelve refills, shows some slight re—expansian of
the lower part of the lung, the apex however now
showing some collapse. The mediastinum is slightly
displaced to the right, 600 cubic centimetres of
air were being inserted at each refill, the interval
being ten days. Print 5, shows the condition, four
months after induction and immediately after the
fifteenth refill, The mediastinum is markedly dis-
placed to the right, the collapse of thelleft lung
being good except for an adhesion in the region of
the second rib. The diaphragm on the left side
shows a concave thoracic surface instead of a con-
vex one., These conditions are obviously the result

of too high intrapleural pressure left after refill,




Print 6, a month later, shows the frequent result
of excessively‘high pressure, namely, fluid.

Print 7, taken six months after induction, shows
the result of aspiration of the fluid and replace-~
ment with air, The amount of fluid removed was
1700 cubic centimetres and the final pressure was
that of one centimetre of water (+1). Print 8, a
yeaf after induction, shows the result after as-
piration of 900 cubic centimetres of fluid and
leaving a pressure equal to that of five centimetreg
of water (+5). The adhesion in the region of the
second rib is well shown in this film, and on
compérison of Prints 1 and 8 it is seen that no
radiographic signs of alteration of the amount

of disease in the contralateral lung are present,
Four aspirations were perfbrmed on Case 8, after
which the fluid did not re-form, No other complic-
ations occurred. Artificial pneumothorax was aban-
doned two and a half years after induction, the
lung having gradually re-expanded. Cough and
sputum had disappeared, but extensive physical

signs were still present on the left side. The
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weight was eight stones four pdunds, and the patient
was fit for light work., The cough reappeared about
six months after the cessation of the pneumothorax,
symptoms became itroublesome and the signs more ex-
tensive. The patient died fifteen months after
cessation of artificial pneumothorax. Print 9
(Case 47), five weeks after induction, shows good
collapse of the base of the right luné with marked
pleural bulgings. The mediastinum is displaced to
the left. The patient had no signs or symptoms two
years after induction. Before induction, there was
moderately advanced disease with definite systemic
disturbance. Many tubercle bacilli were found in
the sputum and slight haemoptysis was occasionally

~ present. This case has since been lost sight of.
 Print 10(Posterior aspect - Case 37), shows & good
collapse of the left lung against the mediastinum,
two months after induction. A strong adhesioﬁ is
present at the base, and at the junction of this ad-
hesion and the lung, there is a ringed translucent
area which is probably a cavity. The frequent occur-

rence of adhesions in association with superficial




cavities has already been mentioned. Print 11
(Case 23), taken seven months after induction, shows
the left pleural cavity half full of fluid, the

horizontal upper surface of the fluid being strik-

ingly demonstrated. Print 12 (Case 20), taken five |
months after induction, shows the collapsed left ‘
1ung attached to the cupola of the pleura by means
of string-like adhesions. Extensive disease is seen§
in the contralateral lung, but this case was treated%
for severe pulmonary haemorrhage, the immediate re-
sults being good. Print 12 (Case 45), taken eight
months after induction, shows good collapse of the
left lung except for a strong conical adhesion
gtretching to the region of the first rib. At least
one small cavity éppears to be present in the base
of this adhesion. The diaphragm on the treated side
is seen to be depressed. On radioscopy, it was ob-
served in this case, as well as in many others, that
both sides of the diaphragm moved in the same direc-

tion on respiration, but that the movement on the

treated side was less than that on the untreated side.,
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PSYCHOLOGICAL CONSIDERATIONS.

In dealing with pulmonary tuberculosis cases,
undergoing sanatorium treatment at least, the class-
ical "spes phthisica" is usually absent, Depression
is very common indeed and is doubtless due to the
fact that the patient is to some extent aware that
his pulmonary affection renders his condition a pre-
carious one. This consciousness is heightened as
time goes on when he realises that many of his fellow
patients are definitely on the down grade. His
depreséion is further increased by the necessarily
monotonous sanatorium regime of curtailed activity
and by his enforced separation from his home, rela-
tives and friends.

The induction or even the proposed induction
of artificial pneumothorax brightens the picture.

At last, some definite active steps are being taken
to combat his disease, His fellow patients who have
been successfully induced are improved, for, the im-
mediate results of pulmonary collapse are usually
good, and even those patients on whom induction has
been attempted unsuccessfully are no worse than be-

fore. Some of the artificial pneumothorax cases




of long duration return to the sanatorium for sub-
sequent refills and several of these are following
their normal employment and doing well. Their cheer—
ful outlook is noted by the prospective or‘early
pneumothorax case with good results, The operation
and subsequent refills improve the relationship
bétween physician and patient, so that the patient's
faith in his medical adviser increases, with a re-
sultant beneficial anxiety to carry out the latter's
instructions with regard to the details of treatment.
Thus, apart from physical results, it is clear
that artificial pneumothorax treatment improves the
mental condition of the patient, and although it is
impossible to measure the value of this improvement,
it cannot be gainsaid that in the treatment of most
diseases, an improvement of the mental attitudevis

followed by beneficial general results.
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RESULTS OF TREATMENT BY ARTIFICIAL PNEUMOTHORAX.

The results, both good and bad, will be con-
sidered in the chronological order in which they
usually occur, from the time the lung collapse is
produced to the time when the patient has returned
to his normal environment.

The increase of cough and sputum which may
immediately follow collapse has already been re-
‘ferred to., Some slight breathlessness may also be
present and the patient generally feels more ill at
ease than before induction. When, however, the
excess of pathological products, which results
from the diminished capacity of the collapsed lung,
has been removed by expectoration, the unfavourable
pulmonary symptoms. subside, and after several re-
fillé, in favourable cases, the toxaemic manifest-
ations begin to diminish. The temperature falls
to normal, though some erratic fluctuations may be
noted before collapse is complete, the pulse rate
is lowered and night sweats, if previously present,
are reduced in frequency and intensity or completely
abolished. Most observers record some reduction in

weight in the majority of cases induced, and in
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many cases this loss of weight is never regained. .
The cause of this loss is inexplicable, though it
is observed that a marked 1oés of weight frequently
follows the production of a high intrapleural préss-
ure with gross displacement of the mediastinum.
Whatever the cause of the loss of weight observed,
the fact remains that it is not of unfavourable
portent,

In 70 of the Harefield cases, either partial
or complete collapse was prodﬁced, and Table 5
shows these cases divided according to the weight
on cessation of pneumothorax treatment relative to
the weight on induction. For purposes of compar-
ison, the 70 cases are diQided according to the
general condition immediately after abandonment
of the pneumothorax relative to the condition on
~induction.

TABLE 5.

Change in weight and in general condition of

cases with successful collapse.

_WEIGHT. GENERAL CONDITION,
Increased. 19 Improved. 25
Unchanged. 25 Stationary. 21

Decreased. 26 Worse, 14
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It is readily seen that a number of cases which
were definitely improved 50 fér as symptoms and signs
were concerned had néveftheless lost weight.

When fairly complete collapse of the lung is
obtained, sputum usually progressively diminishes in
quantity and may disappear.' Concurrently, the number
of tubercle bacilli found in the sputum diminishes
and eventually the patient méy have either no sputum
or slight sputum free of the specific organism, 1In
successful cases of collapse for héemOptysis, slight
tstaining® of sputum may be present for some days
But when this disappears, no recurrence of pulmonary
bleeding normally occurs. Table 6 shows an analysis
of sputum results before and on cessation of collapse
therapy of the 66 cases of successful collapse at

Harefield in which the pneumothorax has now been

abandoned.
TABLE 6.
BEFORE INLDUCTION, ON CESSATION OF COLLAPSE
THERAPY.
No Sputum, Nil 15
T.B.Negative. 4 13
T.B.Positive. 62 . 33

Dead, Nil : 5
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From these figures it is manifest that a marked
Improvement in sputum condition is an immediate re-—
sult of collapse therapy. |

A1l cases at Harefield Sanatorium are classif-
led according to the Ministry of Health classific-
ation (Appendix A.) Of the 66 successfully coll-
apsed cases of the Harefield series in which coll-
apse therapy has been terminated, 4 belonged on in-
duction to Group A, 1 to Group B}, 30 to Group B2,
and 31 to Group B3, The numbers in Group A and B 1
are t00 small to enable one to draw any reliable
conclusion with regard to these groups, but the
sputum results of the cases in Group B 2 and B 3
immediately after cessation of artificial pneumo-
thorax are given in Table 7 where they are compared
with the sputum results of certain patients at the
end of ordinary sanatorium treatment only. The
latter cases were those of all adult patients dis-
charged from Harefield Sanatorium during the year
1925 and who were classified in Groups B 2 or B 3
on admission. The first hundred cases of artificial
pneumothorax at Harefield were induced between 1923

and 1927. The year 1925 is the middle year of that
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period and was in no way an abnormsl year, so that
the ordinary patients discharged in that year may be
congidered as sultable controls for the pneumothorax
cases, s0 far as the time at which treatment was
given is concerned. Of these ordinary cases, 192
belonged to Group B 2 on admission and 112 to Group
B 8. In order that the sputum results may:comparable
they have all been reduced to percentages.

TABLE 17,

SPUTUM RESULTS SPUTUM RESULTS
AFTER ORDINARY ON CESSATION OF
TREATMENT, COLLAPSE THERAPY.
GROUP B 2,
Na Sputum ' 8 per cent. 27 per cent|.
Sputum T.B.Negative 31 " " 20 .
Sputum T.B.Positive 57 " 50 ¢ "
Dead 4 " z W "
GROUP_B_g. |
No Sputum 3 per cent, 16 per cent|.
Sputum T.B.Negative 16 " " 20 "
Sputum T.B.Positive 51 " " 51 * "
Dead 20 . " 13 " "

There appear to be two possible fallacies in

the above comparison. The first is that the pheumo—
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thorax cases are classified on induction which took
place, on an average, several months after admission,
while the ordinary cases are classified on admission,
No pneumothorax case improved during the period be~
tween admission and induction, otherwise collapse
theraﬁy would not have been instituted. On the other
hand many of the pneumothorax cases showed definite
deterioration before induction, so that the condition
of the pneumothorax cases as a whole was retrogress-—
ive. The average case of pulmonary tuberculosis
sﬁows at least a slight improvement during sanatorium
treatment. Thus the prognosis in the average pneumo=
thorax case before induction, excluding the possible
effect of collapse therapy, was worse than that in
the average case in the corresponding classification
group, in which pneumothorax was not contemplated.
Supposing, for the moment, that collapse therapy

is neither beneficial nor harmful, one would there-—
fore expect that the ultimate condition of the aver-
age pneumothorax case would be worse than that of
the case which had been treated ordinarily, and the
average sputum result of the former would similarly'

be worse than that of the latter. Any bias therefore,




in Table 7 which might result from the.difference
of the times of classification, is against rather
than in favour of the sputum results of the artif-
icial pneumothorax cases.

The second possible fallacy is that deaths have
been included in computing percentages results, and
it might well be argued that some of the deaths
included in the group of ordinary cases had possibly
occurred within the first few months after admission,
and since artificial pneumothorax was induced in
the average case several months after admission,
some deaths might possibly have occurred in cases in
~ which pneumothorax might otherwise have been per-
formed and that in consequence there is a bias in
favour of the pheumothorax sputum results in‘the
above table. It is apparent, however, that even
by reducing the number of deaths of ordinary treat-
ment cases by as much as fifty per cent of these
deaths to compensate for this hypothetical error
and increasing the other figures of the ordinary

treatment cases correspondingly, namely by _2_ 1in
98

Group B 2 and by é_s in Group B 3, that the
5

sputum results of the pneumothorax cases remain
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better than those of the ordinary treatment cases.
Apart from these considerations, however, any error
ag a result of including deaths must be very small
indeed, and even if all deaths were excluded from
these statistics, the error wouidgbe very great be-
cause most of the cases in which death occurred
would doubtless have positive sputa for some time
before death, and some of these casés would there-
‘fore require to be added to the positive sputum group
These possible fallacies having been considered,
one may proceed to draw conclusions from Table 7.
In group B 2, 39 per cent of ordinary treatment
cases were diécharged in a non-infectious state,
while of the pneumothorax cases, 47 per cent were
non-infectious on cessation of treatment., In group
. B &, 19 per cent of the ordinary treatment cases
were non-infectious on discharge as compared with
36 per cent of the pneumothorax cases on cessation.,
So far as the 1ndividﬁal case is concerned, this
difference appears to be of 1little importance, but
relative to the safeguarding of the public health,
1t indicates that artificial pneumothorax may be
regarded as another weapon in the armoury of pre-

ventive medicine.
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Displacement of the mediastinum towards the
sound side 1s a frequent result of collapse therapy;
in fact it probably occurs at some stage of treat-
ment in every case of artificial pneumothorax. The
degree of displacement is usually slight and no
discomfort is normally experienced by the patient.
On occasion, however, even with comparatively low
pressures, considerable displacement is observed
and dyspnoea may be very marked. This dyspnoea is
probably the result of compression of the contra-
lateral lung with consequent further diminution of
the already diminished total respiratory surface.
The displaced mediastinum, too, may conceivably press
on and diminish the lumen of the bronchus or of a
bronchiole of the opposite lung, and so cause res-
piratory embarrassment. So far as possible, dis-
placement of the mediastinum is avoided and when it
does occur an adjustment of the size and of the in-
terval of the refills, consistent with maintaining
a sultable collapse of the lung, is made,

In discussing the selection of cases, the
presence of pleural adhesions has already been noted

as a possible cause of failure in producing collapse.
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Adhesions may also follow a serous effusion into the
pneumothorax cavity though these are generally more
easily dealt with than the stronger adhesions of
possibly several years duration. Pleural adhesions
constitute one of the chief causes of failure in
artificial pneumothorax treatment, in that failure
to find free pleural épace may result from the close
welding of the parietal and visceral surfaces, and
if free space is found,the collapse obtained is only
partial. When partial collapse is obtained, the
collapse may only involve the diseased portions of
the lung and the highly favourable condition of
collapsed diseased tissues and uncollapsed healthy
tissues be obtained. Too frequently, however, the
reverse is the case, because the irritation of un-
derlying diseased tissue is usually the primary
cause of pleural inflammation with subsequent ad-
hesion formation, the result being that a useless
collapse of healthy tissue only is obtained. No
attempt to deal with adhesions was made at Harefield,
other than by temporarily increasing the intrapleural
pressure above that required for satisfactory coll-

apse, in the hope of stretching the weaker type of
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adhesions. This was carried out under the most
careful X-ray control and in some cases an improved
collapse was obtained by so stretching or breaking
adhesions., Great care was taken however, to refrain
from increasing the intrapleural pressure to such
an extent as to risk rupture of the lung by tearing
the visceral pleura at the junction of an adhesion.
In other words, obviously thick adhesions, as ob-
~served by radioscopy, were not attacked, and stretch-|
ing attempts were soon abandoned in the case of the
apparently weaker adhesions which failed to respond
readily to moderate pressures, Now, it is obviously
the stronger type of adhesion that is the common
cause of failwe to obtain good collapse, and the
é figures of the Harefield cases, to be discussed later)
| demonstrate that the chief cause of some of the un-
satisfactory end-results was failure to deal success-—
fully with strong adhesions,

Tudor Edwards (19) describes two methods of
division of adhesions, namely, (a) division of bands
of adhesions by means of a fine tenotome introduced

through an intercostal space and (b) division of
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bands by electiric cautery under observation with a
thoracoscope. The second method appears to be the
better in that the cautery divides and to some ex-
tent seals the cut surface simultaneously, so that
risks of haemorrhage, wounding of lung tissue, and
air embolism are diminished. Edwards sums up his
article by quoting Jacobaeus who says "Although it
has been impossible to obtain so high a percentage
of clinically improved cases as in cases of simple
uncomplicated pneumothorax without adhesions, the
procedure ought to be of permanent value in perhaps
@ limited number of pneumothorax cases with string-
like or membrane-like adhesionsg. Excellent as
this treétment appears to be; it is apparent that
the complicated operation of cauterization can only
be undertaken by a surgeon, practised and highly !
skilled in thils type of work, and for this reason it
is unlikely that this method will ever be widely
used in sanatoria and similar 1nstitution§. When
the reault of artificial pneumothorax treatment is
poor in consequence of limitation of collapse by
adhesions, the alternative, if treatment is to be

continued, appears to be the performance of thora-
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coplasty in a suitably equipped and suitably staffe

hospital for chest diseases.

The following is a summary of the degree of

Ecollapse obtained in the first hundred cases of

artificial pneumothorax at Harefield Sanatoriumi-

'Good Collapse - no adhesions.
Good Collapse -~ a few adhesions.
Useful partial collapse ~ adhesions present.
Useless partial collapse -~ adhesions present.
No collapse - adhesions present.

Treatment abandoned early-—-extraneous causes.

Deducting the 3 cases of the last group from t
total number of cases, it is seen that only 26 per
cent of cases were apparently free from adhesions a
that in 28 per cent, there was failure to obtain
useful collapse because of adhesions.

The results of other workers, quoted by Burrel
(11), with regard to the failure of pneumothorax
owing to adhesions are given below. The figures in
the second column include those in the first column

The corresponding Harefield figures are added.

d
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NO COLLAPSE. NO USEFUL COLLAPSE.

Burrell 13 per cent. 24 per cent,
Riviere 20 L 37 " "
Saugman 11 " 28 " "
Zink 24 % " 87 "
Keller 12,5 " " 37;5 "o
Harefield | ’

series 14 © " 28 ¢ ™

The discrepancy between these figures is poss—
ibly due to a difference in the type of cases dealt
with by the various workers, although it is note-
worthy that there is only a small difference between
Burrell's results and the Harefield results, and
even this small difference may be explained by the
fact that the Harefield cases on induction were
rather more advanced than those observed by Burrell.

Pleural effusion is a very frequent result of
artificial pneumothorax treatment, but the necessity
for operative interference for the relief of this
condition is fortunately much less frequent. There
are several causes of pleural effusion, and one of

the chief of these is no doubt the irritation re-—
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sulting from the formation of fresh tubercles on the
pleura, with consequent tuberculous pleurisy. It

- must be admitted that in uncollapsed lungs affected
with tuberculosis, pleural tubercles undoubtedly
develop with but rare resultant wet pleurisy, but
the conditions are altered when a pneumothorax cavity
is present. The formation of tubercles on the pleural
coverings of an uncollapsed lung tends to be limited
by the formation of adhesions between the visceral
and parietal pleura. When these are not contiguous
as in pneumothorax, no adhesions can form, the
pleurisy is therefore not limited and effusion read-
ily occurs. Similarly, the breaking down of adhes-
ions in artificial pneumothorax may create a pleurisy
with effusion, Further, the apposition of moist
pleural surfaces is lost in pneumothorax, and it
requires no great stretch of imagination to assume
that, the force of cohesion ﬁhich prevents the down-
ward drainage of the moisture having been lost, the
fluid will slowly gravitate to the lower part of the
pleural sac, the pleura will continue to secrete
fluid to replace that which has drained, and S0 a

passive hydrothorax will result. High intrapleural




~115-

pressures frequently cause the development of fluid,
and it is possible that this is due to the compress-—
ion of the vessels in the hilum of the collapsed
lung, producing an unusual degree of stasis in the
lung with consequent increased permeation through
the bounding visceral pleura. In this connection,

it is interesting to note that Halliburton (8)

states that stomata exist in many serous membranes
by means of which lymphatic vessels communicate
directly with cavities formerly supposed to be closed
80 that a serous cavity may be regarded as a widening
out of the lymph-capillary system, If this is so,

a lymph stasis in the lung, as a result of compress-
ion of the 1jmphatic main vessels in artificial
pneumothorax, would be followed by an outpouring of
fluid through the stomata into the pleural cavity,
producing a hydrothorax.

From observation of the Hérefield cases, pleural
effusions appear to be divisible "into four'groups,
namely (a) small serous effusions with liﬁtle or no
constitutional disturbance and which clear up without
treatment, (b) serous effusions commencing with

moderate temporary pyrexia and gradually increasing
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in quantity so that aspiration is necessary, (¢)

serous effusions accompanied by serious progressive

i
{
!

' spread of pulmonary disease terminating in death and
i(d) serous effusions secondarily infected by pyogenic
organisms, the outlook being grave. In groups (b)
éand (¢), the serous effusion becomes purulent as
Etime goes on, the pus however, being of the sterile
tuberculous variety.

Serous effusions probably occur in the majority

of cases, though only 46 per cent of the successfully

collapsed Harefield cases were observed 1o have
developed fluid whicﬁ persisted for a period of weeksi
It was noted, however, during radioscopic examinationms,
that a small quantity of fluid was occasionally ob- ;
‘served in the phrenicocostal sinus, this fluid being
undetectable by clinicel examination. Daily radios— |
copy showed that this fluid frequently disappeared
in a few days. A reasonable assumption, therefore,
is that an undiscovered small quantity of fluid may
be present at some time or other in most cases.
However, in dealing with the results of artificial
pneumothorax, one is mainly concerned with effusions

which give rige to definite signa and symptoms and
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which may materially affect the ultimate result

of the case,.

The fluid was examined in every case in which

;pleural effusion occurred, and tubercle bacilli

were found in all the specimens examined with the
?eﬁception of a small number of clear colourless
Esamples. These exceptional samples, perhaps, were
‘taken frém cases of passive hydrothorax occurring
as a mechanical result of the pneumothorax rather
than as a result of a tuberculous process.

The develdpment of fluid is detected by ordinary
clinical examination and by radioscopy. Succussion
splash, audible to both physician and patient, is
'probably the easiest and most reliable diagnostic
sign ih hydropneumothorax. No treatment is necessary

' for many cases of pleural effusion, but in those

?Harefield cases In which distressing symptoms occurred
éas a-result of pressure of the fluid, and in which
isystemic disturbance was pérsistent, aspiration was
carriea out. In two cases, tuberculous pus which
recurred after frequehtly repeated aspiration was
finaliy disposed of by washing out the pleural cavity

with normal saline as described in a previous section,
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If pleural effusions are neglected for a long time,
it is found that the pleural thickening, which always
follows effusion to some extent, becomes very marked
and adhesions may develop, necessitating the aban-
donmeﬁt of collapse therapy. The thickening of the
visceral pleura may be so great that the lung is
permanently preserved in a state of collapse, but
there is insufficient evidence to indicate whether
this event is to be regarded as favourable or not.
An obvious disadvantage is the chest deformity which
follows the slow obliteration of the pleural cavity
when the lung is incapable of expanding. Only one
case of secondary Qy@genic infection of pleural
effusion occurred, anﬁ this was probably due to
spontaneous perforation of the lung. In spite of

- treatment, the condition of this patient progress-
ively deteriorated and death resulted.

Of the Harefield series of 70 successfully
cﬁllapsed cases, 32 developed fluid. These are
divided as follows:=-

Serous Fluid. Treatment unnecessary.......s..28%
Purulent Fluid. Treatment unneccessary.......22%
Purulent Fluid, Aspiration performed.........47%

Secondary pyogenic infection of fluid........2%
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It is readily seen that treatment by aspiration
é was unneccessary in half of the cases in which fluid
developed. a
Few opportunities occurred for post-mortem
examination on cases ireated by artificial pneumo-
 thorax, but in the autopsies which were performed
é the collapsed lung was found to be a fleshy mass in
close apposition to the mediastinum. The shape of
this mass was found to vary according to the degree
of collapse obtained. In complete collapse, the
lung has a shape similar to that of a Rugby football,
the longer axis being vertical. The shape in partial
collapse depends upon the nature and situation of
adhesions, and sometimes as a result of apical and
basal adhesions, the lung is only compressed lateral-
1y the length from apex to base being unchanged.
! Air-spaces are few or entirely absent in the com-
pressed 1uhg and a marked widespread overgrowth of
- fibrous tissue is the most striking anatomical
feature. Many cavities are found to have been ob-
literated and those which have persisted are usually
found to have thick fibrous walls, the contents 1if

any are dry and calcification is occasionally presént
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The layer of air intervening between a collapsed
lung and the parietes renders attempts at clinical
examination of that lung practically valueless 8o
far as estimating the amount and activity of disease
in that lung is concerned. On expansion, however,
at the end of artificial pneumothorax trgatment,
vesicular or‘broncho-vesicular breathing is heard
on auscultation, the latter type being coummon inl
those cases in which disease on induction was severe
and widespread, No signs of active disease are
found when the collapse has been complete and of
long duration, but uncollapsed or partially collapsed
poftions of a lung may still be found to show signs
of activity. In this latter event, the prognosis
has not been improved by artificialvéneumothorax,
for the treatment is practically useless unless the
whole of the disease in the treated organ is ren-
dered quiescent. A 1ﬁng, partly healed and partly
the site of active disease, will probably revert to
its original state of widespread disease within
a few months after reexpansion. The importance,
thérefore, of obtaining a complete collapse of dis-
eased tissues is apparent, if a disease-free lung

in which healing is likely to be permanent is to
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be pfocured.

The effects of artificial pneumothorax on the
contralateral lung are of importance, because if.
disease is present in that lung even though the
wor se lung has been successfully treated, the futuré
of the patient is still precarious. 4s previously
observed, the circulation in the‘contralateral lung
increasés after cbllapse of the worse lung, and
practically the whole‘of the respiratory function is
thrust upon the uncollapsed drgan. Whether or not
| these changes assist or retard the spread of disease
in the cdntralateral lung is difficult to determine,
and the question remains a subject of controversy
amongst artificial pneumothorax workers. The path-
ological products that are expressed from the worse
lung as it is collapsed, endanger the sounder lung
in that some of the infective material may be as-
pirated by way of the bronchus and may thus give
rise to fresh foci of infection., This disadvantage
of pulmonary collapse, however, is probably counter-
balanced by the fact that at a later stage of treat-
ment, the now collapsed lung is no longer the source

of infectious discharges into the bronchi that it




-128—~

was before collapse therapy was commenced. Pulmonary
tuberculosis tends to increase progressively, with-
out and sometimes in spite of treatment, so that a-
part from the possible effects of collapse of the
worse lung, disease if present in the contralateral
lung has a natural tendency to spread., In any in-
dividual case, the sum of the effect of these vary-
ing factors must determine the spread or absence of
spread in the contralateral lung, and while one can
obgerve the total effect, it is impossible to compute
the actual effect of each contributory factor,

Of the 70 successfully collapsed cases at Hare-
field, 46 had unilateral disease before induction
and in 32 of theée the disease remained unilateral
AE throughouf’treatmént,'the reéaining 14 becoming
bilateral., Of the 24 cases with bilateral'disease
on induction, 15 showed spread of disease in fhe‘
contralateral lung, 6 showed no change and '3 showed
improvement'of the contralateral lung. In,qther
words, 30 per cent of cases unilateral on induction
became bilateral and 62 per cent of the bilateral
cases showed spread of disease after induction.

Of the cases bilateral on induction, only 12 per cent
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showed improvement of the contralateral lung.

Qedema of the contralateral lung, with conse-
quent cough and dyspnoea, is an infrequent result
of displacement of the mediastinum caused by in-
judicious use of high intrapleural pressures., Moist
crepitations are heard at the base of the 1ung on
auscultation when this complication is present.
This condition was but rarely found in the Harefield
series of cages, and the remedy consisted of reduc-
tion of the intrapleural pressure,

In a previous section on the indications for
collapse therapy, mention has been made of the ex-
cellent effect on laryngeal tuberculosis of the
collapse ofva diseased lung. Several of the pneumo-
thorax cases suffered from hoarseness or aphonia,
pain and troublesome cough before induction.
Ulceration and oedema of the laryngeal structures
were present in these cases, and in one case the
ulceration involved the edges of the vocal cords.
In three cases in which these signs and symptoms
were present before induction, the local disease
healed completely after production of practically

complete collapse of a lung. The ulcerated vocal






























































































































































































