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PREFACE TO THE SECOND EDITION

MoperN methods of treating pulmonary tuberculosis are
developing rapidly, so that there have been many advances
since the first edition of this work was published.

It is mostly along surgical lines that progress has been
made, and in this edition the chapter on thoracoplasty, extra-
pleural pneumolysis and phrenic evulsion has been much
enlarged, and new pages dealing with intercostal neurectomy.
cauterisation of adhesions and oleothorax have been inserted.

The results of further experiments with B.C.G. are in-
cluded, and there are new articles on poisonous gas and
war injuries as the causation or aggravation of tuberculosis,
and one dealing with pregnancy and the indications for
terminating it in cases of pulmonary tuberculosis.

Modern views concerning salt-free and other diets, together
with the value of vitamins, are also included.

As in the first edition, the author has tried to avoid giving
unnecessary references, especially foreign ones, and most of
the references given can be found in any medical library.
The book is intended to bring to the notice of the
practitioner and senior student the recent advances in our
knowledge of tuberculosis and is not a treatise for the
specialist.

L. 5. T. BURRELL.
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PREFACE TO THE FIRST EDITION

TusercuLosis has been one of the great problems of
medicine since the earliest days of history. It is only
natural in such a disease that many remedies should have
been recommended, but their vogue has usually been of
very short duration, and it has been wisely said that when a
new *“ cure ” for consumption appears those who want to
use it should do so at once before it goes out of fashion and
ceases to operate.

In writing this book, the author has tried to describe the
recent increase in our knowledge of tuberculosis, and to
separate the real advances in treatment from those methods
which have no scientific basis and enjoy but brief, though
occasionally recurrent, phases of popularity.

Most of the book deals with treatment, and no attempt has
been made to describe physical signs or morbid anatomy,
because the work is intended for practitioners and senior
students, and not as an examination text-book. Chapters on
diagnosis and prognosis are included, and an introductory
chapter describes certain animal experiments, with modern
views as to immunity and spread of disease, for treatment is
largely based on these views.

The author wishes to thank Dr. Davies, of Cefn Mably
Sanatorium, for permission to reproduce the skiagram of
silicosis, and Dr. Stanley Melville for all the other skiagrams

in the book.
L. S. T. BURRELL
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RECENT ADVANCES IN
PULMONARY TUBERCULOSIS

CHAPTER 1
INTRODUCTION

ALTHOUGH tuberculosis has been one of the most important
medical problems since the earliest ages, fifty years have not
vet passed since the discovery of the tubercle bacillus by Koch.
Not only did this discovery give great impetus to research,
which led to a rapid development of our knowledge of
tuberculosis, but our views on many of the problems con-
nected with the subject have undergone a complete revolu-
tion since that time.

For example, we now know that the enormous majority of
individuals in a civilised community are, or have been,
infected by tubercle bacilli ; we also know that this infection
gives a certain degree of protection against the spread of the
disease. If we take a positive tuberculin test as indicating
the presence of a tuberculous lesion in the body, are we to
regard this as favourable because the individual has that
protection which is lacking in one who shows a negative
result to the tuberculin test ? But the latter has yet to be
infected before he can develop any form of tuberculosis,
whereas one who is already infected has in him the seeds
which may break out into serious or fatal disease. In other
words, can we speak of a * beneficial >’ and a * harmful
tuberculosis ? Again, how great is the protection afforded
by previous infection ? To what extent is a consumptive
a danger to people themselves already infected ? In trying

B.T. 1 1



2 INTRODUCTION

to prevent tuberculosis should our efforts be directed to
vaccination or ensuring that every one is mildly infected, or
should we try to abolish all possible sources of infection 7 It
has been suggested that infants obtain protection by drinking
tuberculous milk, and some will actually oppose the sterilisa-
tion of milk on the grounds that this deprives children of a
valuable source of protection.

There are many other problems of vital importance to the
treatment and prevention of tuberculosis which have arisen
out of the discovery of the tubercle bacillus, It will be well,
therefore, to discuss infectivity and immunity before con-
sidering modern methods of treatment.

When an animal is inoculated with tubercle bacilli the
subsequent course of events depends on whether it is already
tuberculous or not. If tubercle bacilli are injected intra-
cutaneously into an animal not previously infected nothing
happens for the first few days. Then at the site of the
inoculation appears a mnodule which gradually increases
in size. This nodule is essentially composed of epithelioid
cells, the origin of which is uncertain, but which eventually
become fibroblasts and lead to a fibrosis around the bacilli.
The formation of the tubercle or nodule is not inflammatory,
but due to proliferation of the cells, and may be compared
to the growth of a neoplasm. Some two or three weeks after
inoculation a zone of inflammation appears around the
tubercle, which breaks down, forming an ulecer and, at the
same time, certain general signs of ill-health develop.

If tubercle bacilli are injected intracutaneously into an
animal previously infected the course of events is different.
There is an inflammatory exudative reaction within a few
hours at the site of the inoculation. There is no latent period
as in the case of a first infection. In addition to the local
inflammation, there may also be focal inflammation around
already existing lesions in other parts of the body. If the
dose of re-infection is sufficiently large local ulceration may
pccur, but it tends to heal and any new nodular formation
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which occurs appears sooner than in a first infection and
tends to subside in the tuberculous animal. Therefore there
are two factors in regard to reaction to re-infection.

1. The natural reaction of the non-infected animal. This
is proliferative and non-inflammatory.

2. The acquired reaction peculiar to the previously
infected animal. This is inflammatory. The tissues of such
an animal are hypersensitive to tuberculin or tubercle
bacilli, and this condition of hypersensitiveness is spoken of
as “ allergy.” In the case of a first infection no symptoms of
ill-health develop until the animal tissues become sensitive
to the tuberculous infection, that is, until allergy appears.
Immunity is a function of allergy, and it may be said of
tuberculosis, as has been said of typhoid fever, that the
beginning of symptoms marks the beginning of the immune
period. Large doses of tuberculin which would be fatal to
the allergic animal cause no symptom at all in the non-
infected one, and the same applies to the injection of tubercle
bacilli, except that after a latent period the bacilli will cause
a general tuberculous infection. The latent or incubation
period may therefore be regarded as the length of time taken
by the body to establish immunity.

That immunity is a function of allergy may be shown by
experiments. The allergic animal is made acutely ill by the
injection of tubercle bacilli, but provided it recovers from
the initial reaction it will live much longer than one infected
by a similar dose of bacilli for the first time, and in the non-
immune or non-infected animal allergy does not exist. Dr.
Allen K. Krause (1) deseribes a series of experiments on the
non-immune and the immune guinea-pig designed to work
out the paths of transit of the tubercle bacilli. It was found
that if the bacilli are introduced by inhalation the first
anatomieal signs of infection appear in the tracheo-bronchial
glands. If inoculated subeutaneously the bacilli are found
earlier and in larger numbers in the tracheo-bronchial glands
than in the lungs, Indeed, if they are of low virulence they

1—2



4 INTRODUCTION

may not produce any anatomical lesion in the lungs at all.
It was also found that the transit of the bacilli was very
rapid in the non-immune but delayed in the immune animals.
The experiments were very carefully carried out, the follow-
ing procedure being adopted. A series of guinea-pigs was
immunised by infection with a weak strain of tubercle
bacilli, and subsequently re-infected with a virulent strain ;
at the same time a similar dose of the virulent strain was
inoculated into the same number of non-immune guinea-
pigs for the purpose of control. The guinea-pigs were then
killed at varying intervals after infection and certain organs
removed with the greatest precautions against sepsis or
cross infection. Kach organ thus removed was macerated
in a sterile mortar with a little saline solution and injected
into the groin of a normal guinea-pig. The organs removed
were the iliac lymph node, the spleen, the tracheo-bronchial
lymph nodes and the lungs. As a result of these experi-
ments it was shown that in the non-immune animals the
tubercle bacilli were disseminated throughout the body in
seven days or less : usually in from three to five days. The
local iliac nodes were always infected within three days.

In the immune animals the iliac lymph nodes may contain
a few bacilli after three days but not until ten days are they
regularly infected, and it may be as much as thirty days
before the bacilli are disseminated throughout the body.
Two immune and two non-immune animals were Killed at
intervals varying from three to forty days after infection,
and the table on p. 5 shows the times at which the different
organs caused tuberculosis when inoculated into a normal
guinea-pig.

Not only was it found that there is a delay in the transit
of the bacilli in the immune animals, but it was also dis-
covered that when the viscera are invaded the number of
bacilli are few for a considerable period in the immunes as
compared with the non-immunes.

It is known that the rate of spread of tubercle bacilli from
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Days. LL.N. Sp. T.B.G.
1 N.I 1 N.I I. N.I I N.I
8 |—4+ +4+|—— —F |- —— | —— ——
5 |l—+ +4+—— —F|—— — [ —— ——
7 |—F+ +4+|—— —F|—— — [ —— — 4
10 |+4+ ++|—F +4+|[—— ++|—— ++
18 |+4+ ++|—+ +4+|—+ ++|—— ++
17 [++ ++|—+ ++[—+ ++|—+ ++
21 [+ + +4+(++ ++|—+ +4+|—+ ++
81 |44 +4+[++ ++|++ ++|+4+ ++
40 [+4+ +4+[++ ++|++ ++]++ ++

L.L.N.—Ileo-lymph nodes. Sp.—Spleen. L.—Lungs.
T.B.G.—Tracheo-bronchial glands.

I.—Immune. N.I.—Non-immune. +.—Infected.
—.—Non-infected.

the site of infection to internal organs depends on the
quantity or dose of infection both in immunes and non-
immunes. It is not unreasonable, therefore, to suggest that
some Immuno-lysin or substances form in the body of the
immune animal and by killing a number of the bacilli not
only reduce their number, but retard their rate of transit.
There is some evidence to support this view, but there are
also many objections to it. There is no bacteriolytic action
on tubercle bacilli treated with serum of normal or immune
animals, nor is there any definite experimental evidence of
the existence of immuno-lysins. No success has followed the
numerous attempts that have been made to treat tuber-
culous patients with immune serum. There are probably
substances in the body tissues which are antagonistie to the
growth of tubercle bacilli, but there is no satisfactory evi-
dence of the presence of any such substance peculiar to the
immune state. It is well known that cultures of the bacilli
if kept in one tube for more than a few months cease to
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grow and cannot be subcultured, and it is quite possible
that bacilli which have been fixed in one part of the body for
a considerable time lose their power of development. Living
tubercle bacilli may be found in an old lesion which has
ceased to spread and has apparently been healed for many
years. Yet in order to live they must have oxygen and
nourishment from the body, and therefore be open to action
by any immuno-lysin should it exist.

1t would seem that some other factor is concerned in fixing
the bacilli and retarding their rate of transit through the
body, and the zone of inflammation at the site of re-infection
in an allergic animal is probably of importance in this
respect.

Eventually immune animals which have been re-infected
die of generalised tuberculosis but they live much longer.
In Dr. Krause’s experiments one lived for ten and another for
eleven months. The important fact is that re-infection can
take place and lead to a fatal result. In the immune a larger
dose will be required to cause disease than in the non-
immune, but given a sufficient dose the barriers of defence
will be broken down.

In the human subject, if the tuberculous lung is collapsed
by artificial pneumothorax, the spread of the disease is
stopped or, at any rate, retarded. This often gives time for
satisfactory barriers of defence to form and leads to per-
manent arrest of the disease ; on the other hand, it may be
that the disease will continue to spread, although much more
slowly. It is now generally admitted by those with experi-
ence of the subject that artificial pneumothorax does prolong
life, but one great criticism of the treatment is that the late
results are disappointing compared with the initial ones, for
it so frequently happens that the disease continues to spread
and does in the end prove fatal, and that, therefore, the treat-
ment cannot be considered a cure. Of course it is not a cure
any more than is immunity resulting from a previous infec-
tion. In Dr. Krause’s experiments, to which I have already
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referred, all the non-immune guinea-pigs had extensive
generalised tuberculosis at the sixty-ninth day, but in an
immune one killed at the same time no wvisible wvisceral
tuberculosis was found, although the spleen gave a positive
result on inoculation. It would appear therefore that, in
the human subject as in the experimental animal, if the rate
of spread of disease is reduced the subject can form barriers
of defence which may be sufficient to control the disease
altogether, and in any case will delay its progress. The
efficiency of the defence must depend on the degree of resist-
ance offered to the spread of the bacilli and also to the
quantity or dosage of the infection.

It has been noticed that in the human subject there are
two main types of disease. One an acute generalised tuber-
culosis in which the lungs are affected only as part of a
general infection, and this type is seen characteristically in
the infant ; and another type which is characteristic of the
adult and consists of chronic pulmonary lesions often with-
out any tuberculosis in other parts of the body. In child-
hood, or the period between infancy and puberty, the human
subject is particularly free from all forms of tuberculosis.
In order to explain these facts it has been suggested that the
acute disease of infancy is due to first infection and may be
compared to the results of inoculation in a normal or non-
immune guinea-pig, and that the surviving infants have
great immunity which renders them free from disease during
childhood but gradually wanes and leaves them susceptible
to disease modified by previous infection. One would expect
immunity to become less and less with time, and tuberculin
tests confirm this view. A child with tuberculous glands or
joints may give a strongly positive tuberculin reaction, but
if the lesions heal it will be found that the reaction to tuber-
culin becomes weaker as time goes on and may eventually
disappear. Again, it is pointed out that if a native of some
country or tribe where tuberculosis is unknown is brought
into a modern civilised community he is liable to contract
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tuberculosis, which tends to run the acute course charac-
teristic ot the infant or the guinea-pig, and is probably due
to lack of acquired immunity. There is no inherent lack of
resistance in the infant, for the enormous majority of them
recover without any obvious illness at all although tuber-
culin tests show that infection has taken place. When there
is obvious disease, as indicated by glandular or bone tuber-
culosis, the child shows a considerable degree of resistance
and recovery is the rule.

Animal experiments fail to show that the young of any
species Is less resistant than the adult. To suggest that a
child is liable to * catch » tuberculosis, but that an adult is
not so liable, is misleading, although it is true that a larger
proportion of adults than children have acquired partial
immunity, and, secondly, that a dose of infection which will
prove fatal to a child of a few pounds’ weight may well be
resisted in the case of an adult. It is certainly true that
chronie fibroid tuberculosis of the lung is very rare in child-
hood, but chronie bone or glandular lesions are common, and
it is difficult to explain this on the assumption of lack of
immunity in the child. Dr. Krause (2) was struck by the
fact that in the case of the rabbit infected by tubercle baeilli
the early anatomical changes were not the same as in the
guinea-pig. In the rabbit the lungs are chiefly affected,
whereas in the guinea-pig the lungs frequently showed no
obvious disease although the tracheo-bronchial glands were
seriously affected. Working on this subject he found that
in the guinea-pig there is very little lymphatic tissue in the
lung, and that what there is is supplied by the bronchial
arteries, whereas in the rabbit’s lung there is considerable
lymphatic tissue supplied by the pulmonary arteries. Now
in the infant there is very little lymphatic tissue but large
lymphatic channels in the lungs, whereas in the adult
lymphatic tissue has formed and there is not nearly such
free lymphatic drainage. May not these anatomical differ-
ences account in some degree for the different types of chronic
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tuberculosis characteristic of adult and child life ? After all
the majority of children do “ fix ”” the invading bacilli, not
in the lungs, it is true, but in glands, bone, ete., and this can
hardly be explained by assuming lack of immunity. In
childhood milk is the chief diet, and bovine infection is less
uncommon than in adults, but even in infancy, except when
the cervical or abdominal glands are involved, most of the
cases are due to the human tubercle bacillus. Moreover,
even if infection does occur by feeding, the bacilli must
leave the intestinal tract by the lymphatic or blood-stream
and find their way into the right side of the heart and
pulmonary system in order to get into the tracheo-bronchial
glands. In other words, they must have passed through
the lungs in order to reach the glands where they become
fixed.

The site of the lesion is a matter of great importance,
tuberculous meningitis is fatal because of its localisation.
Tubereulous pleural effusion is followed by pulmonary tuber-
culosis in a considerable proportion of cases, although several
years may elapse before signs of disease appear in the lungs.
So-called surgical tuberculosis very rarely spreads to the
lungs, indeed some think that an old lesion, for example, in
the glands, is a protection against the subsequent develop-
ment of tuberculosis. Tuberculous glands of the neck
may rupture externally and cause no impairment of the
general health, but should glands happen to rupture into
certain parts of the body, for example, mediastinal or
retroperitoneal glands, a rapid and fatal spread of the
disease may follow. This does not indicate that the
patient who dies of tuberculous meningitis is less resistant
than the one who recovers from tuberculous peritonitis,
or that one with tuberculous adenitis lacks resistance
because the glands happen to rupture into an unfavourable
position.

The following table shows how very striking is the differ-
ence between tuberculosis in adult life and in infancy.
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TasLe 1.—Mortality Table for England and Wales,

1927.
hve All Forms of Tuberculosis of Respiratory
ot Tuberculosis. System.
[
0—1 _ 718 . 91
1—5 2,284 378
S0—35 3,485 ‘ 3,208

Yet it will be noted that in infaney the mortality in both
cases is less than in adult life in spite of immunity. Mortality
tables show that after the fifth year of life there is a great
drop in the death rate from tuberculosis, but there are two
far more remarkable facts—one the sudden increase in
mortality which takes place about the fifteenth year of life,
and the other that the two sexes are affected very differently.
These age and sex variations in the mortality from tuber-
culosis are common to all countries. In Ireland the amount
of tuberculosis and the type differs from that of England
and Wales, yet the mortality varies with age and sex in the
same way.

Tasre 2 (8).—Death Rates from Pulmonary Tuberculosis in
England and Wales per million living at each age period,
Male and Female.

AGEs.

(10-15.) | (15-20.) | (20-25.) (45-55.)
| = i e

M. I | M. F. M. F. M. I,
1861-70 .| 608 1,050 | 2,196 3,121 | 3,804 3,972 | 3,880 2,865
1871-80 . | 483 851 | 1,685 2,400 | 3,109 3,154 | 3,865 2,468
188180 .| 344 702 | 1,293 1,809 | 2,341 2,326 3,605 2,062
1891-1900 . | 234 502 | 995 1,290 | 1,887 1,591 | 3,144 1,642
1901-10 1371 398 | 756 98B | 1,521 1,235 | 2,753 1.510
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TABLE 3.—Mortality under the same Condition for Ireland.

AGEs.
(10-15.) (15-20.) | (20-25) | (45-55.)

| | |

| M. 1 M. F. M. F. M. F.
1861-70 . | 704 1,109 | 1,978 2,404 | 3,311 2,774 | 3,166 3,144
1871-80 . | 632 1,211 | 2,163 3,102 | 3,798 3,406 | 2,304 2,115
1881-90 . | 647 1,454 | 2,987 3,438 | 4,054 4,103 | 2212 2,112
1801-1900 . 567 1,485 | 2,283 3,410 | 4,073 3,971 | 2,209 2,027
190110 . | 509 1256 | 2,004 3,079 | 3579 3,571 | 2371 10l

We may take certain facts regarding tuberculosis as
established.

1. In the first place the prevailing type of tuberculosis in
early child-life is non-pulmonary and frequently acute and
general, whereas in adult life it is almost entirely pulmonary,
tending to be acute at puberty and early adult life, but more
chronic as age advances. These two types closely resemble
the types seen experimentally in the non-immune and
immune animal. Viewed broadly, one may regard the infant
type of disease as the result of an execessive primary infec-
tion and the adult type a re-infection or spread of disease,
modified by partial immunity resulting from a previous
infection which was not sufficient to cause general disease.

2. But the immune child fixes the infection in glands and
bones and not in the lungs, although it would appear that
the infecting organisms must pass through the lungs. It is
difficult to understand how this difference can be due to the
acquired immunity. Anatomical differences between the
infant and the adult may have some bearing on the
problem.

3. Statistics for the last sixty years show that the mortality
from tuberculosis has undergone a change, which varies in
different countries during different years, but whether the
incidence is increasing or decreasing in any particular
country there are always two constant factors :—
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(1) A considerable increase in mortality as puberty

begins.

(2) A drop in mortality as sexual activity declines.

Moreover, this wave of mortality begins earlier and
subsides sooner in women than in men.

It would appear, therefore, that during that period of life
when sexual functions are active there is something in the
body which favours the spread of tuberculosis. It has been
suggested that acquired immunity wanes during this period,
and this may be the case, but it is not borne out by tuber-
culin tests, and the type of disease at this period of life is
the type seen in the immune animal In England and Wales
in 1927 tuberculosis of all sorts caused :—

2,284 deaths between the ages of 1—35.

1;017 43 35 33 5—10.
4,588 f e
877 - 3 i 65—70.

Personally, I find it very difficult to accept as an expla-
nation of these facts the suggestion that the initial high
mortality in infants is because they are not immune ; that
amongst the survivors the mortality becomes halved because
they have immunity ; that this immunity wears off so com-
pletely, that the mortality becomes more than double that
of the maximum in infancy, and then that the immunity
again increases until as old age approaches it has reached a
high degree of efliciency.

If this is the true explanation the obvious remedy would
seem vaccination or some attempt to immunise children as
puberty approaches.

4. There are various other factors which influence the
incidence of tuberculosis. For example, when a race moves
to a foreign country and lives under different conditions,
tuberculosis inereases. During the Great War the mortality
from tuberculosis was doubled and in some countries trebled,
but it remained of the adult type seen in the immune animal.
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It would seem therefore that immunity remains and that
the increased mortality is due to failure of some process or
funetion not of necessity peculiar to the immune animal.

There are, of course, many other factors which influence
the type and course of tuberculosis, but I do not propose to
discuss them here. I have touched very briefly only on
those problems which have a bearing on treatment, and the
following conclusions may be drawn from the evidence given
in this introduction :—

1. There is a natural reaction to tubercle baeilli and that
this leads to the formation of tubercles and, ultimately,
fibrosis.

2. That there is also an acquired reaction to tubercle
bacilli which is inflammatory and tends to retard the rate
of spread of tuberculous infection. This gives time for
barriers of defence to arise, and these always delay and may
completely arrest the spread of the disease.

3. Re-infection can occur, and adults as well as children
can be re-infected.

4. Immunity or lack of immunity does not wholly account
for the variations in mortality under different conditions.
There are probably some factors in the body which affect
the growth or spread of tubercle bacilli and which vary under
certain conditions, but which are not necessarily peculiar to
the immune state.

5. The site of the infection is of the greatest importance.
A degree of tuberculosis which would prove rapidly fatal in
one part of the body would produce few, if any, ill effects in
another.
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CHAPTER II
PREVENTION

TuE two main principles of prevention are destruction of
infection and increase of resistance in the individual. In
countries where there is no tuberculosis the people cannot,
of course, become infected, but they fail to get the protection
afforded by frequent small infections. Consequently they
are extremely vulnerable and liable to contract acute tuber-
culosis should they move to a district where infection exists.
Since tuberculosis abounds in all civilised communities, some
will argue that it is wrong to protect children too much from
infection, for the tubercle bacilli introduced by milk and
other sources go to build up immunity, and so prevent the
individuals from developing acute tuberculosis in adult life.
Heimbeck (1) found that nurses who have been infected by
tuberculosis, as shown by the tuberculin reaction, are less
liable to develop clinical tuberculosis than those who have
not, or whose infection has so completely disappeared that
the tuberculin test is negative. His work suggests that far
from a positive tuberculin reaction being a danger signal it
is actually a sign of protection, and that a new infection
shows its tendency at once to conquer and produce disease
or be conquered and establish immunity. If it is conquered,
some tubercle bacilli may remain in the tissues and keep alive
for years, but they do not tend to become virulent, multiply,
and cause disease. Their presence maintains some degree
of resistance, and tends to prevent a fresh infection from
producing disease. This protection wanes unless it is kept
alive by repeated small infections. Heimbeck found that
at Oslo 85 per cent. of the children aged nine gave a positive

14
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Von Pirquet reaction, but of 222 military recruits 55 per
cent. gave negative results.

Following this school of thought one should advocate
increasing the immunity of people by natural and acquired
means.

The result desired is that every one should be infected, not
sulliciently to develop clinical tuberculosis, but enough to
render them immune to the maximum dose of tubercle
baecilli they are likely to meet in ordinary life. This, however,
is an impossible state to obtain without danger. Even if we
admit that a few tubercle bacilli swallowed with milk or
inhaled from time to time do protect, we must also admit
that an overdose will cause disease. Moreover, a dose that
at one time is harmless may prove fatal at another, when the
individual’s resistance may be lowered by eold, fatigue, or
some other condition. It would seem wrong, therefore,
deliberately to expose people, and especially children, to
infection.

On the other hand, it is pointed out that without infection
there can be no disease, and that the chief principle of preven-
tion should be to remove all sources of infection, or at least
to dilute the infection as far as possible. Bad wventilation,
stagnant air, small rooms, dirt, ete., all tend to concentrate
infection, but in a civilised community much can be done to
prevent this concentration, and the great drop in the mor-
tality which has followed modern sanitary methods is evidence
of their success. The patient with advanced disease who
expectorates a large number of virulent bacilli and is too ill to
be careful is one of the greatest sources of danger, and such
patients should be treated in institutions where proper nursing
and precautions against infection are available. Ifit is impos-
sible to remove the patient the children should be moved from
the infected home, and brought up with a family free from
tuberculosis. 1In this country when tuberculosis is diagnosed
the case must be notified to the local medical officer of
health, In each district is a dispensary with a tuberculosis
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officer, who acts as a consultant in doubtful cases and
advises as to diagnosis and treatment. The patient is told
how to live, or in most cases taught in a sanatorium, so as to
minimise the risk of infecting others. The patient’s home
is visited, and if necessary cleaned and disinfected, the
tuberculosis officer examines the members of the family
who have come into contact with the patient and keeps
them under his observation. Suspicious cases are sent away
to convalescent homes in the country, and if the patient,
though still infectious, cannot be moved from home the
young children are boarded out with some healthy family,
so that they do not eome in contact with infection.

The Grancher System.—In 1903 Professor Grancher intro-
duced a system in France whereby healthy children were
removed from tuberculous infected surroundings. Dr,
Armand Delille, of Paris, referred to this system in a paper
read at the International Congress on Tuberculosis held in
London in July, 1921. He said that the method had met
with considerable success, and was not only the most
economical, but the most successful method of dealing with
the tuberculosis problem. Certainly it would seem more
reasonable to prevent ehildren from meeting infection than
to inoculate them against all known diseases. The Grancher
system is based on the belief that children do not inherit
tuberculosis, but acquire it by repeated infections, and it
removes the children whilst still healthy from the infected
homes and sends them to live with healthy families. This
system of boarding out is employed in England and other
countries, but greater stress is laid on the delicate children,
or those who are said to be mildly affected, the healthy ones
generally being left at home. When possible the patient
is removed to an institution, thus removing the source of
infection and allowing the children to live a normal life at
home.

Immunisation.—There are three methods deseribed by
Petroff (2).



B.C.G. 17

1. Injecting living virulent tubercle bacilli. He found
ten living virulent bacilli could produce tuberculosis in a
guinea-pig. The bacilli were counted by Barber’s method,
and he tried to produce immunity in guinea-pigs (8) by
giving gradually increasing numbers of bacilli at weekly
intervals, as follows : one, three, five, eight, twelve, and so on.
He found that this method gave fairly good immunity, but
it was necessary to keep up the injections, and there is a
great risk of developing the disease if resistance fails, so that
the proceeding was considered too dangerous to employ on
human beings.

2. By using avirulent tubercle bacilli. Many attempts
have been made to protect by using attenuated bacilli, and
the latest preparation is known as B.C.G. This consists of
bovine tubercle bacilli, attenuated by 230 passages in
thirteen years on potato-glycerin and bile. Petroff’s con-
clusions are that this is a safer method than when virulent
bacilli are used, but the end results are not known.

3. By using killed bacilli. He thinks that an increased
state of resistance can be produced by injecting dead
tubercle bacilli, and, although the immunity is more
partial than when living bacilli are used, it is free from
danger,

It is generally admitted that the use of virulent tubercle
bacilli is too risky, and that tuberculin or dead bacilli when
injected do not give an adequate protection. It is, therefore,
the attempt to produce immunity by using attenuated
bacilli that is receiving most attention at the present moment,
and a great deal of work has been done with B.C.G. (Billie-
Calmette-Guerin bacillus). Various doubts as to the value
and limitations of B.C.G. have been raised, and it has been
asked :—

1. Can B.C.G. recover its lost virulence and produce
disease ?

A large number of infants have now received B.C.G., and
although a few cases of subsequent tuberculosis have been

F.T. @



18 PREVENTION

reported, they are very rare, and it has been suggested that
they were due to failure of the B.C.G. to protect against an
accidental infection, and not to direct infection by B.C.G.

The recent disaster at Liibeck has given support to those
who regarded B.C.G. as not altogether free from danger. In
this case 246 newborn children were given B.C.G. orally,
and 46 are already reported to have died of acute intestinal
tuberculosis, and 68 are seriously ill. It is said that some of
the same batch of B.C.G. has been sent to other countries,
and has been used without producing any ill effects. The
possibility of the reactivation of the attenuated B.C.G.
vaccine is still a matter of dispute, but many authorities
think that it is possible under certain conditions. So many
children have been given B.C.G. without harm that when
several suddenly develop acute tuberculosis, it suggests that
by some mistake they received virulent tubercle bacilli
rather than that the B.C.G. had become reactivated. At the
same time sporadic cases of tuberculosis following the
injection have been reported, and the possibility of reactiva-
tion cannot be altogether ruled out.

2. Is it sufficiently virulent to produce any immunity ?

Of course, immunity is always relative, but there is no
doubt that a considerable degree of protection is afforded
by B.C.G. inoculations. Experiments on calves (4) showed
that even a single inoculation of 50 to 100 mg. B.C.G. gave
complete protection against 5 mg. virulent bovine tubercle
bacilli injected a month later. The experiments on cattle
by Lange and Lydtin (5) did not, however, give such favour-
able results. Calmette observed 982 babies whose inoculation
with B.C.G. dated back more than a year and who lived
with tuberculous persons, of them only 1 per cent. died of
tuberculosis, whereas it was estimated that in Paris 32 per
cent. of babies living with tuberculous parents died of
tuberculosis. Greenwood (6) criticises these figures and
suggests that the mortality from tuberculosis amongst
babies living with tuberculous parents is very much less
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than 80 per cent. Heimbeck (7) states that a considerable
proportion of nurses joining the Municipal Hospital at Oslo
develop tuberculosis. In 1927 44 nurses giving negative
Von Pirquet test, but healthy, and most between the ages
of twenty to twenty-five, were inoculated with B.C.G., and
a year later not one of them had developed tuberculosis.
In 1924, however, 13 out of 51 ; in 1925 17 out of 72, and in
1926 14 out of 62 nurses joining the hospital with negative
Von Pirquet reactions developed tuberculosis. Wilbert’s (8)
experiments on apes went to show that a very satisfactory
degree of immunity could be produced by B.C.G., although
other workers have failed to obtain such promising results
in apes. Dr. Stanley Griffiths at Cambridge conducted a series
of experiments with monkeys, and found that B.C.G. did
not protect them against experimental infection, nor did it
prevent them contracting the disease from infected monkeys
living in the same cage.

When B.C.G. is given by mouth as advocated by some in
the case of infants its value is doubtful, and it does not pro-
duce a positive Von Pirquet reaction. B.C.G. given sub-
cutaneously, however, does cause the animal or human being
to acquire a positive reaction to tuberculin, although the
sensitiveness wears off in many cases, so that in time the
subject is again negative to tuberculin.

In spite of varying experimental reports it would seem
certain that B.C.G. injected subcutaneously does give
relative immunity for a time, although not sufficient to do
more than delay the spread of the disease and increase by a
short time the life of the infected animal.

8. For how long does the immunity last ?

This is not known. Fried (9) says that B.C.G. does not
cause tuberculosis, but retains its antigenic properties. As
long as living bacilli are in the body immunity persists,
for there is a struggle between the body and the bacilli.
He suggests that immunity in babies lasts about four
years.,
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It has been shown that the most serious age for pulmonary
tubereulosis to develop is about puberty. At this time the
mortality is higher than at any age including infancy, and
since tuberculin tests show that the majority of children at
that age have been infected, it would appear that by the
time puberty is reached either immunity has waned or some
other change in the body has taken place and rendered the
immunity insufficient. It would seem that the most impor-
tant time to increase immunity is just before and during
the onset of puberty.
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CHAPTER III
DIAGNOSIS

THE diagnosis of pulmonary tuberculosis is often a matter
of great simplicity, and may, indeed, be quite obvious to the
non-medical observer. In such cases, however, the patient
has usually passed the stage when treatment can be of
much value. In the early and doubtful cases the diagnosis
is complicated by the fact that many patients who are
infected and have evidence (by physical signs, X-ray, tuber-
culin, or other tests) of old disease are not actually tuber-
culous in the sense that they have active or spreading
disease. Such a patient may be compared to a house in
which there has been a fire, but which is no longer on fire.
In other words, they do not require treatment for tuber-
culosis, though they may require treatment for bronchitis,
overwork, Graves’ disease, or some other condition to which
their symptoms are really due. In certain cases a period of
rest is required whether or not the symptoms are due to
tuberculosis, and there is no better treatment than can be
oblained at a sanatorium. Here the rest and routine have a
rapidly beneficial effect. In many cases, however, a mistaken
diagnosis not only leads to treatment which if not actually
harmful is useless, but it fails to give treatment for the actual
disability.

It is possible to arrive at an accurate diagnosis if one
remembers that no one sign, symptom or laboratory test
can be relied on alone, but that the cumulative effect of
several signs or symptoms all pointing one way may make a
diagnosis certain. For example, loss of weight may be due
to diabetes or a variety of conditions, but if other causes are

21
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eliminated and it is associated with changes such as night
sweats, cough and evening temperature, it becomes a very
valuable piece of evidence in favour of active tuberculosis.
The symptoms most often noticed in the early stages are :—

Loss of Energy.—This is very frequently present, but
is not often the complaint for which the patient seeks advice,
as it is usually attributed to overwork or some other cause,
and not taken seriously unless it becomes extreme. The
patient feels tired after an ordinary day and is disinelined
for any extra activity, such as going out to the theatre ; he
is said to be growing lazy or suddenly to have become an old
man. When such symptoms are given tuberculosis should
be remembered as a possible cause.

Loss of weight is very common in the early stages of
active tuberculosis, although some patients get into an
advanced stage of the disease without getting thinner. It is
especially valuable as a guide to activity, and in chronie
cases, when the disease is apparently arrested, a gradual loss
of weight is often the first sign of renewed activity.

Cough is almost always present, but it has no special
characteristics. As in bronchitis, it is most common on
rising in the morning and after meals. It must be remem-
bered that a chronic cough oceurs in many other conditions,
such as pharyngitis, nasal catarrh or excessive smoking.

Sputum is absent in the early stages, but is rarely absent
as the disease progresses. At first it is mucoid, then purulent,
and, in the advanced stages, it is mummular.

Tubercle bacilli in the sputum are definite evidence of
infection and may be taken as indicating active disease,
although there are patients who remain quite well without
any evidence of active or spreading disease, but who have
tubercle bacilli in the sputum either constantly or periodi-
cally. Tubercle bacilli are not often found in the earliest
stages of disease, but when the sputum becomes purulent
they are almost always present if the disease is due to
tuberculosis.
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Kingston Fowler (1) reports a series of 188 cases in which
tubercle bacilli were found at Midhurst. In these the bacilli
were found on the first examination in 167 and on the second
in twelve. In one case they were not found until the seventh
time. Repeated examinations are necessary, therefore, but
at the same time failure to find them after one, or certainly
two, examinations is strong evidence against tuberculosis pro-
vided the examination is thorough and the sputum is really
purulent. If the bacilli are not found a guinea-pig may be
inoculated and the injection is best made into the groin.
After a week or ten days enlarged inguinal glands will be
felt in positive cases. A local swelling appearing after a day
or two is due to other organisms and soon subsides, but the
subsequent development of an inguinal lump indicates tuber-
culosis in the great majority of cases. Later, of course, the
tuberculosis will spread in the guinea-pig and the diagnosis
can be confirmed.

The important point to remember regarding tubercle
bacilli is that their absence in definitely purulent sputum,
after repeated examination, is very strong evidence indeed
against tuberculosis.

Fever.—A certain amount of fever, usually in the evening,
is common in cases of active tuberculosis. If the patient is
afebrile whilst in bed a rise of temperature may be obtained
after he has taken some exercise. It is not suflicient, there-
fore, to take the temperature only whilst the patient is
resting. A definite rise to 99-6° F. or higher after a brisk walk
1s a suggestive sign.

The range of temperature in pulmonary tuberculosis is an
exaggeration of the normal. A rise begins about 2 p.m. and
reaches its maximum about 7 p.m. After this it gradually
falls until about 5 a.m., when it is subnormal until the after-
noon rise. In other words, the characteristic temperature is
intermittent, being lowest in the early hours of the morning
and highest in the late evening. The greater the activity of
the disease the more is the swing exaggerated, and in extreme
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cases the temperature is called  hectic,” and this usually
indicates great activity. A continuous typhoid type of
temperature may be found and is of serious import, for it
suggests miliary tuberculosis or a general spread of the
disease. In some cases the temperature is higher in the
morning than at night, this is known as the inverse type.
The characteristic type, however, is the important guide to
diagnosis in a doubtful case, and if it is not found in the
resting patient it may be brought on by exercise.

Night Sweats are present in the early acute stages of
pulmonary tuberculosis or during an acute exacerbation in a
chronic case. Some patients who sleep with too many bed-
clothes feel hot during the night and speak of this as having
sweats. True night sweats may be very severe, so that the
patient has to change his night clothes two or three times in
the night. Such cases are very suggestive indeed of acute
tuberculosis and most of them have a characteristic smell.
These symptoms are rarely present, however, except when
the patient has many other signs which leave no doubt as to
the true condition, so that they are rarely of great diagnostic
value.

Digestive Symptoms.—Loss of appetite and nausea
are sometimes, though rarely, the first symptoms noticed.
When a patient complains of a gradual impairment of diges-
tive powers the possibility of pulmonary tuberculosis should
be borne in mind.

Pleural Effusion.—Unless there is any obvious cause,
such as neoplasm, cardiac failure, ete., the development of
clear fluid in the pleural cavity may be taken as evidence of
tuberculosis. It does not, of course, follow that the lungs
are involved, but on the advent of any signs or symptoms
suggesting pulmonary tuberculosis a history of pleural
effusion strongly supports that diagnosis.

Hemoptysis.—This may be due to mitral stenosis,
bronchiectasis or other causes, but is usually due to tuber-
culosis and should be assumed to be of this origin unless
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there is evidence to the contrary. There may be veins at
the back of the throat, but they do not bleed. It may be
said that for all practical purposes in cases of hemoptysis
the blood does not come from the back of the throat. Many
lives have been lost by the failure to appreciate the
enormous importance of hemoptysis as an early sign in
tuberculosis of the lungs.

A fistula-in-ano is another condition which should cause
serious suspicion.

Physical Examination.—This is very important, but
should not by itself determine a diagnosis. In many cases
there are signs which are quite consistent with tuberculosis,
but to which we must give a different interpretation owing
to other facts. For example, apical bronchiectasis, or early
carcinoma of lung, may give signs which some would con-
sider pathognomonic of tuberculosis, and the less obvious
signs such as altered breath sounds, slight impairment of the
percussion note, diminution in Kronig’s area of resonance,
ete., are present in many conditions. In the survey of school
children ecarried out in Canada (2), 1,892 children were
examined physically by X-ray and with tuberculin, and the
following conclusions were reached :—

1. Impairment of resonance over any part of the chest may
be due to conditions other than tuberculosis.

2. Broncho-vesicular, or still higher pitched breathing, may
be present apart from tuberculosis and is normal under
conditions of forced breathing.

8. The presence of rales in the chest usually indicates a
non-tuberculous infection.

(The authors are referring to school children, and this con-
clusion must not be taken to apply to the riles heard at the
apex of adults. Such rales are usually due to tuberculous
disease.)

4. Physical signs (including Eustace Smith and D’Espine
signs) pointing to enlargement of the mediastinal glands are
present in conditions other than tuberculosis.



26 DIAGNOSIS

I do not want to underrate the value of physical signs, but
one frequently meets a patient who has been condemned as
tuberculous on the strength of slight impairment of resonance
on percussion at one apex, or some such sign, and no other
evidence of tuberculosis whatever. There has been a most
complete examination of the chest, with full notes of even
the minutest detail, yet there are few if any notes on the
history, and no examiration of sputum, no tuberculin test
and no X-ray examination have been made.

Tuberculosis usually affects the upper portions of the
lungs, so that disease at or near the apices is probably
tuberculous, but a basal lesion is more likely to be non-
tuberculous.

Tuberculin Test.—The most satisfactory tuberculin test is
the intracutaneous one.

For this purpose four dilutions are prepared. Dilution 1
is made by adding 0-1 c.cm. of Koch’s old tuberculin to
09 c.em. of normal saline containing 0-25 per cent. of
phenol. Dilution 2 is made by adding 0-5 c.em. of dilu-
tion 1 to 0-5 c.em. of the diluting fluid. Dilution 3 is made
by adding 0-1 c.cm. of dilution 1 to 0-9 c.cm. of the diluting
fluid. Dilution 4 is made by adding 0-1 c.em. of dilution 3
to 0-9 c.em. of the diluting fluid.

Since 1 c.cm. of O.T. contains 1,000 mg., it follows that :—

0-1 e.cm. of dilution 1 contains 10 mg. (0-01 c.cm.) O.T.

0-1 c.cm. . 2 o 3 mg.
0-1 e.cm. i 3 +: 1 mg.
0-1 c.cm. o5 4 - 01 mg.

To perform the test the flexor surface of the patient’s fore-
arm, just below the elbow, is cleaned with ether and 0-1 c.cm.
of dilution 4 is injected intracutaneously with a very fine
needle. The injection should not be made subeutaneously,
but into the skin, leaving a slightly raised white weal. In
the case of children 0-05 c.em. may be used. If, as often
happens, there is no reaction after three days, 0-1 c.cm. of
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dilution 3 is injected in the same way, and, failing a reaction,
0-1 c.em. of dilution 2 is injected three days later. The
reaction occurs twenty-four to twenty-eight hours after the
injection and consists of a raised area of redness at the site
of the inoculation. In very sensitive patients this may go
on to vesiculation, or even ulceration, and for this reason it
is wise always to begin with the lower dilutions. A positive
reaction indicates infection, but not necessarily active dis-
ease. It is somewhat curious that this test is employed so
little in this country, and there are two chief criticisms of it.
First, that since it is positive in cases where the disease is
not active it is of little practical use. In other words, a
patient with a positive intracutaneous tuberculin test does
not of necessity require treatment. This is true, but there is
no one symptom, sign or test which does indicate active
disease for certain, and a correct diagnosis can be made only
by the cumulative weight of evidence. The second objection
is that every one except in very early childhood gives a
positive reaction. This is a common belief, but is not the case.
Out of fifty adult patients sent into my wards at the Bromp-
ton Hospital for diagnosis the test was negative in nine, and
they were all patients suspected of having tuberculosis. In
Dundas (2) (Canada), and the surrounding country, 1,392
children of school age were tested, and of these only 32 per
cent. reacted to tuberculin. Dr. Krause (3) writes that in
1927 a skin tuberculin test was made on people in Fram-
ingham, and the result was 38 per cent. lower incidence than
it was when a similar test was made there in 1917-19, and
he points out that this result is consistent with the fact that
in New York city the mortality from tuberculosis between
1898 and 1925 declined three times for the general population
and six times for infants under two years of age.

A negative tuberculin test is by no means uncommon, and
is of the greatest importance in diagnosis. A positive test is |
of less value in diagnosis as it indicates infection only. Some
believe that a condition of activity can be distinguished from
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one of quiescence by the severity of the reaction, but it is an
undoubted fact that some people give a strongly positive
reaction although they have no apparent illness, nor do
they subsequently develop any disease, whereas others with
definitely active tuberculosis react mildly. At the same
time, when a tuberculous lesion heals the sensitiveness to
tuberculin does become less as time passes, and a strong
reaction does suggest a recent infection or activity. There
are several factors, such as intercurrent disease, which blunt
a tuberculin reaction, and a course of tuberculin will blunt
it or even eliminate it altogether. It would seem unwise,
therefore, to set up a fixed standard and say that those who
give a reaction of such and such a violence to such and such
a dilution have active disease.

Another method of employing the tuberculin test is by
the cutaneous method of Von Pirquet. A solution is made
consisting of Koch’s old tuberculin, 2:5 ¢.cm., glycerin phenol,
5 per cent., 2:5 c.em., saline, 5 c.em.—that is O.T. in a
strength of 1 in 4. A drop of this solution is placed on the
forearm and a slight scratch made over it. The scratch must
be just sufficient to draw blood. If positive an area of
redness will appear round the seratch in three days.

Heimbeck (4) applied Von Pirquet’s test to girls aged from
twenty to twenty-five who were becoming nurses at the
Municipal Hospital, Oslo, and in 1924 he found that out of
109 there were 51 negative, 18 of whom subsequently deve-
loped clinical tuberculosis, and 58 positive, none of whom
developed it. In 1925 he found that out of 114 nurses, 72
were negative, and 17 of these subsequently developed
clinical tuberculosis, but only 2 of the 42 positive cases
developed it. 1In 1926, out of 114 cases, 62 were negative,
and of these 14 subsequently developed clinical tuberculosis,
but only 1 of the 52 positive cases did so.

He also found that after two years’ work at the hospital
practically all gave a positive result to the Von Pirquet test.
Other interesting facts found by Heimbeck are that not only
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were about half the nurses negative to the test, but of 79
medical students 47 per cent. and of 222 military recruits
55 per cent. were negative ; but he found 85 per cent. Oslo
children at the age of nine positive to the Von Pirquet test.

These findings would suggest the following conclusions :—

1. A positive Von Pirquet test indicates the presence of an
infection and probably the presence of actual living bacilli
in the body, but it does not indicate that the individual has
or will develop clinical tuberculosis ; on the contrary, he is
less likely to develop it than a non-reactor.

2. A fresh infection tends quickly to get the upper hand
and produce clinical disease, or to be defeated at once by the
body forces leaving relative immunity.

8. Sensitiveness to tuberculin waxes and wanes through
different periods of life.

Out of twenty-one medical students in London in 1928 I
found eight negative to Von Pirquet’s test.

Personally, I think the intracutaneous method more
reliable, but the Von Pirquet method, or some variation of
it, is used by many workers. Dr. Gunter (5) uses preparations
of Tuberculin Albumose Frei (T.A.F.), and makes dilutions
of 11n 10, 1 in 100 and 1 in 500 ; he places a drop of each
solution and a drop of normal saline as control on the fore-
arm and makes a slight scratch over them. He writes : “ A
reaction with 1 in 10 tuberculin or stronger denotes in-
activity, a reaction of 1 in 100 activity and 1 in 500 great
activity. The degree of activity does not, of course, signify
the seriousness of the condition of the moment, but it
implies that active processes are going on, and whilst this is
the case there is every probability of the disease progressing,
unless steps can be taken to bring about arrest.” Whilst
agreeing in general with these views, I prefer to regard the
test as evidence of infection only and to judge of activity by
other signs and symptoms.

A third method of using tuberculin as a test is by sub-
cutaneous injection. 0-2 c.cm. of dilution 4 (0:2 mg.) O.7T. is
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injected subcutaneously, and if there is no reaction three
days later 1 c.em. of dilution 4 (1 mg.) is injected. If no
reaction follows this after three days 0-5 c.em. of dilution 3
(5 mg.) is injected. A positive result produces :—

1. A local reaction consisting of redness and swelling at
the site of the injection.

2. A general reaction consisting of malaise and a tempera-
ture which may rise to 102° F. or more.

3. A focal reaction which consists of inflammation round
the various tuberculous lesions.

In the case of the lupus this focal reaction can be seen ;
in pulmonary tuberculosis it may be indicated by X-ray
evidence, increased crepitations, more sputum and, possibly,
some h@emoptysis. A focal reaction is rare, and even when
it does occur it is not often serious ; indeed, when it sub-
sides it may be followed by actual improvement. In my
opinion, the danger of this test, and in fact of tuberculin
treatment, has been much exaggerated, but I have seen
disastrous results follow a severe tuberculin reaction, and
do not, therefore, advocate this method of testing, especially
as the intracutaneous method gives equally reliable results.

Lastly, Moro’s method of applying the tuberculin test
may be mentioned. This consists of rubbing into the skin
an ointment containing equal parts of lanolin and O.T. If
positive, redness appears over the surface. This method may
be used for infants when objection is made to an injection or
even to sceratching the skin, but failing the intracutaneous
method I should always advocate Von Pirquet’s test.

Complement Fixation Test

The Wassermann test for syphilis proved so satisfactory
that it was hoped to apply similar methods in the diagnosis
of tuberculosis. In practice, however, the usual difficulty
arose, namely, how to distinguish active from non-active
infection. Moreover, a positive result not infrequently is
obtained in those who are apparently well and remain so,
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whereas a negative result is sometimes obtained in patients
with definite and active tuberculosis. Alcock, Douglas and
Lucey (6) obtained a positive result in 90-6 per cent. T.B.
positive cases, but it was also positive in 36-5 per cent.
T.B. negative cases. In arrested cases who had at some
time been T.B. positive the test was positive in 47 per
cent. only.

A positive complement fixation test may be taken as
evidence in favour of the patient having or having had
tuberculosis and a negative one as evidence to the contrary.
Opinion as to the weight of this evidence varies enormously
amongst different workers, but the majority do not regard it
as of any special value except as giving some additional
evidence one way or the other in a doubtful case.

Sedimentation Test

I shall refer to this test when dealing with prognosis, and
mention it here only to say that it has but little value in
diagnosis. It is true that in the majority of cases of pul-
monary tuberculosis the sedimentation rate is increased, but
so it is in many other conditions, and the doubtful case of
pulmonary tuberculosis where there were no toxic symptoms
and a fair condition of general health would quite likely show
a normal sedimentation rate. Dr. Heaf (7), after testing
150 patients at King Edward VII. Sanatorium, Warwick-
shire, writes : * We wish to emphasise that the test is useless
for diagnostic purposes.”

Arneth Count

Arneth attached importance to the indentations or number
of individual nuclei in the polymorphonuclear neutrophile
leucocytes. He found in healthy individuals :—

Mononuclear forms with round or indented nucleus, 5 per
cent.

Forms with two nuclei, 85 per cent.

Forms with three nuclei, 41 per cent.
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Forms with four nuclei, 17 per cent.
Forms with five nuclei, 2 per cent.

In tuberculosis he found a predominance in the forms with
one or with two nuclei. In one fatal case of pulmonary
tuberculosis he found 46 per cent. with one and 49 per cent.
with two nuclei. Professor Cummins (8) discusses the value
of this test and the sedimentation test, and regards them of
value as additional evidence.

Vital Capacity

As with the sedimentation rate, vital capacity is altered
by many conditions besides tuberculosis and is of more value
in estimating prognosis and the result of treatment than in
aiding diagnosis. At the same time a normal vital capacity
does undoubtedly render a diagnosis of active pulmonary
tuberculosis very unlikely.

System of Diagnosis

At the Trudeau Sanatorium, Saranac Lake, New York
State, stress is put on certain signs and symptoms which are
considered of special importance, these are :—

Tubercle bacilli in the sputum.

Persistent rales in the upper part of the chest.

Parenchymatous lesion as shown by X-ray.

Focal reaction as determined by X-ray after subceutaneous
test of 10 mg. or less of O.T.

History of unexplained haemoptysis.

History of unexplained pleural effusion.

In addition to this, symptoms of toxwemia, such as fatigue,
loss of weight or strength, fever over 99° F. in men or 99:6° F.
in women, pulse over 90 in men or 96 in women, are regarded
as indicating activity if not explained on other grounds.

A positive complement fixation test is not considered to
indicate pulmonary tuberculosis, nor is a reaction to 10 mg.
0.T. subcutaneously, provided there is no focal reaction as
shown by X-ray or increased réles heard on auscultation.
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At Trudeau, patients sent for diagnosis of pulmonary
disease, are classified under four headings :—

Non-tuberculous. No direct evidence.

Suspected tuberculosis. A history of unexplained pleural
effusion or unexplained heemoptysis, but not both. No other
evidence of a lung lesion.

Non-clinical pulmonary tuberculosis. Here X-ray shows
a parenchymatous lesion not explained by other causes, but
there are no symptoms and no tubercle bacilli have ever been
found in the sputum.

Clinical tuberculosis. In this group there are, or have
been, definite symptoms, together with one of the first four
cardinal signs already mentioned or both unexplained
h@emoptysis and unexplained pleural effusion,

This may be taken as a very good system of diagnosis, but
should be taken only as a guide and not as a rule. The
physician must form his opinion on the cumulative evidence
just as a jury form theirs in the law courts.

It is important to remember that there are two problems
to be decided in diagnosis.

1. Is the patient infected with tuberculosis ? and if so,

2. Are the symptoms (or some of them) due to the tuber-
culosis or to some other cause ?
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CHAPTER IV
RADIOLOGY IN PULMONARY TUBERCULOSIS

Tue great value of radiology in pulmonary tuberculosis is
now generally admitted ; indeed, the modern tendency is to
overrate rather than underrate its importance. In order to
obtain full value from X-rays the work should be done by a
competent radiologist, and in chest cases especially consider-
able experience in interpreting the shadows is required.

Dr. Melville (1) thinks the eclinical and radiological
examinations should be undertaken by separate individuals
for the following reasons :—

1. Whichever is done first, the mental balance must be
influenced.

2. The patient gets the benefit of two individual examina-
tions and opinions.

3. The physician who becomes his own radiologist must
lose that fineness of outlook and that power of summing up
all the evidence which are so important.

Of course, in gross disease the condition is obvious, both
clinically and radiologically, nor is it necessary to trouble
the radiologist when the X-ray examination is intended to
show some simple change, such as the degree of lung collapse
before or after a pneumothorax refill, but all important or
doubtful radiological work should be done only by the expert
radiologist. For example, before thoracoplasty, where it is
of the utmost importance to know the condition of the better
lung, for on this the whole success of the operation and the
life of the patient depends, the opinion of a radiologist on
the film and sereening of the chest is essential.

Before studying the X-ray shadows of an abnormal chest

34
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it is necessary to understand those of a normal one, or
rather of a healthy one, for certain abnormalities which
produce shadows are consistent with perfect health. Dr.
Riviere (3) discusses the X-ray appearvances of the healthy
chest and points out that in infancy there is little to see in
the normal lung field outside the root shadow, but as time
passes trunks and twigs of the lung network become visible,
and at school ages may be very striking, especially as regards
strands passing out fanshape from the root. These appear-
ances are certainly compatible with health, and in Dr.
Riviere's experience often become less obvious when adult
life is reached. These shadows may be due to catarrhal
attacks, infective fevers or fleeting tuberculous changes,
but they certainly do not indicate active or clinical tuber-
culosis.

In the adult just outside the central shadow and partly
covered by the heart on the left side can be seen shadows of
the lung roots, and these are due to the main bronchi, blood
vessels and lymphatics. Running out from these central
root shadows are striz passing into the lung tissue and com-
posed of bronchi and their accompanying vessels. The
bronchi appear as double shadows and look like railway lines
and the blood vessels as streaks resembling the branches of
a tree. If seen in optical section, the bronchi may appear as
vague rings or small cavities and the blood vessels as dense
nodules which may be mistaken for calcareous glands if in
the section there happen to be much crossing and recrossing
of the vessels.

It is important to recognise the round breast shadow in
the healthy chest; it may be very prominent, and I have
known it to be mistaken for a tumour.

One must also remember that the lung forms a ecupola
fitting over the dome of the diaphragm, so that the dense
shadow of the diaphragm does not indicate the lowest level
of the lung, for there is lung tissue below this around the
dome of the diaphragm,
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Dr. Lynham (4) finds it more frequent for the radiological
report to indicate disease when the physician finds no signs
than for the opposite to occur, and in my experience X-ray
findings usually indicate more disease than would be expected
from physical examination. As the result of post-mortem
examination shows that there is almost invariably more
disease present then the physiecal signs indicated, one must
agree that X-rays can demonstrate the presence of disease
when there are no physical signs. It sometimes happens
that physical signs are present and tuberele bacilli exist in
the sputum, and yet no definite X-ray abnormalities are
noted. Such cases are rare, but they go to show that
X-rays should be combined with other methods in the diag-
nosis of a difficult case and should not be relied on alone.
Dr. Melville (1) says :

1. Definite infiltration can be demonstrated upon an
X-ray film at quite an early stage of the disease, and fre-
quently before definite physical signs are evident.

2. X-ray evidence extending over a period of some months
and consistently negative may be taken as conclusive
evidence of the non-existence of pulmonary tuberculosis.

3. That in cases in which physical signs are present it
may be assumed that the initial stage has passed, and in such
cases the X-ray picture will show, as a rule, much more
extensive disease than can be demonstrated by physical
examination.

One common source of failure to interpret X-ray findings
is the attempt to draw conclusions from a film alone, and
often a poor film. In chest work it is essential to screen the
patient, as this will show the movements of the chest and
diaphragm, hypertranslucency or failure of a certain area
to light up normally during breathing, movements of heart
and mediastinum during inspiration and expiration, ete.,
and one can, moreover, move the patient so that his chest
an be examined from several angles. A film will often
show detail which was overlooked on the screen, but no
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X-ray examination of the chest is complete without careful
observation under the screen.

Another error, common amongst those who have but little
experience of chest work, is to centre the tube incorrectly
and to have the patient in a faulty position, so that the
shadows are distorted and misleading. There may be so
much error that the heart appears on the right side of the
chest in a normal case,

The tube should be at least 8 feet from the patient. Some
like it to be 6 feet, as this gives a beam that is almost parallel
and a clearer picture, but requires much more power or a
long exposure.

There are two common heresies referred to by Dr. Mel-
ville (1). One, that of so-called peribronchial tuberculosis.
In certain cases, and especially those who have lived long
in a city or suffered from chronic bronchitis, dense striz are
seen radiating into the lung tissue from the hilum, and when
these were very dense they were supposed to indicate tubercu-
lous spread along the lymphatics accompanying bronchi,
and hence the term peribronchial phthisis arose. They are
but an exaggeration of the normal linear markings, and the
term peribronchial phthisis is not now used by radiologists,
nor is such a condition known in the post-mortem room.

The other heresy is hilum tuberculosis. That enlarged
bronchial glands may exist and be seen by X-ray, and that
they may be of tuberculous origin is not denied. But that
X-ray examination can detect tuberculosis of the mediastinal
glands before the disease has spread into the lung tissue is
another matter. The infection passes from the lung to the
glands, and, although a tuberculous mediastinal gland may
suppurate into lung tissue and set up acute disease, in the
ordinary way the infection does not pass against the lym-
phatic stream from the gland back into the lungs.

On this subject Dr. Lynham (4) writes: “1I have seen
many cases with root areas involved, but they all show lung
tissues involved as well.”
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One must also remember that considerable exaggeration
of the hilum shadows may exist without any enlargement of
the glands. Dr. Lynham says that when screening, the
patient should be made to inspire and then expire to his
fullest capacity. It will then be found that * solid bodies,
such as caleified glands, retain their shape ; fibrotic areas
show up at full inspiration like the fine branches of a moving
tree ; cascating areas resemble crows’ nests in tree branches ;
whilst fluid areas, such as the large veins, undergo a change
of shape which one can only deseribe as amcebie.™

The earliest sign of pulmonary tuberculosis, as seen by
X-ray, is the presence of fine mottling of the lung parenchyma
itself, usually just below and external to the mid-line of the
claviele (3).

A large eavity may resemble a pneumothorax on X-ray
examination, but a cavity usually has a thickened and
crenated edge, whereas in pneumothorax the lung edge is
very sharply defined.

So-called annular shadows are probably cavities, and
should be treated as such. They are not due to pleural
rings nor to small local pneumothoraces.

It is largely because of the difficulties in technique, in the
interpretation of shadows seen, and in the art of sereening
that X-ray examination does not always receive the credit
which it deserves, but its value is being more and more
recognised by those who see many cases of thoracic disease
and base their judgment on the reports of skilled radio-
logists.

Apart from being almost indispensable in controlling
artificial pneumothorax treatment, and in judging the effects
of such operations as thoracoplasty or phrenic evulsion,
X-ray examination in relation to pulmonary tuberculosis is
of special importance for two purposes :—

1. Differential or early diagnosis. As an example of
differential diagnosis I may mention the case of a woman
who had been in a sanatorium for many months with a
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diagnosis of pulmonary tuberculosis based on repeated
heemoptyses. After injecting lipiodol into the trachea X-ray
examination revealed complete blocking of one of the larger
bronchi. This was found to be due to a fibroma, which
was subsequently removed by operation, and the patient
recovered.

With regard to early diagnosis, X-ray examination will
not show the very earliest changes due to tuberculosis of the
Jung, but it will almost invariably reveal disease before the
appearance of physical signs.  Dr. Melville (2) describes nine
cases where X-ray evidence of pulmonary tuberculosis was
present and the disease correctly diagnosed, but in which
no physical signs were found after careful examination by
competent physicians.

9. The other great function of X-ray examination is to
assist in forming an opinion as to the extent and type of
disease in cases where treatment depends on these matters.

For example, before thoracoplasty is performed it 1s
essential to know that there is no active disease in the better
lung, and also that the patient has powers of resistance, as
evidenced by the presence of fibrosis.
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CHAPTER V
PROGNOSIS

Ix no disease is the prognosis so uncertain as in pulmonary
tuberculosis, and it is quite impossible to foretell the future
of any given case. At the same time if a large number of
cases are taken it is possible to give a correct prognosis in a
big percentage.

Physique.—Patients who are physically weak, and especially
those who have badly developed or deformed chests, tend to
do badly if they become tuberculous. Insurance statisties
show an increasing mortality from pulmonary tuberculosis as
the weight of the individual falls below normal.

Temperament.—The temperament of the patient is also
of the greatest importance. Kingston Fowler (2, p. 184)
wrote : ‘“ No fool ever gets rid of tuberculosis of the
lungs. He may be no fool in relation to literature, science
or art, but if he is so in relation to his own well-being he
is doomed for certain.”” The patient with a placid tem-
perament who takes things as they come and does not
look too far ahead has the best chance of recovery. During
the active stage he will follow out the treatment for his own
sake, and, having reached the highest level of improvement
he will adjust his life so as to get the most out of it, in spite
of any limitation of activity which may be necessary.
Many people in all walks of life have done much useful work
and left great names behind them in spite of having suffered
for years from chronic pulmonary tuberculosis, and probably
in many cases their lives were prolonged by the fact that
they did work. It is play, far more than work, that kills
in tuberculosis. If, therefore, one finds a patient steadily

40
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working under suitable conditions and not worrying about
his health the prognosis is always hopeful.

It often happens that a patient with a temperament that
1s bad for a tuberculous subject is able to control himself,
and eventually becomes reconciled to his condition, but
many patients are never able to change, and for them the
prognosis is very grave. It is often possible to help a patient.
If, for example, he is getting restless and unsettled after
some months in a sanatorium, a few weeks’ leave at home or
with friends may make all the difference, and enable him to
return and continue the treatment. It is the monotony of
life which tells on a certain type of patient after a time.

There are three types which are especially bad :—

1. The patient who finds the necessary restrictions so
extremely irksome that he has to disregard them in order to
prevent a mental breakdown. The same applies to the
patient who has not sufficient self-control to regulate his
life to suit his state of health.

2. The patient who is over-nervous and unable to interest
himself in anything except his own health. This class of
patient is continually taking his temperature and is in a
constant state of anxiety over the slightest ache or symptom
that may arise. He will not take up any employment even
when well enough to do so, and very rarely lives long, in
spite of the great amount of trouble and thought he takes of
his own health.

3. The opposite type of patient, who cannot realise that
there is any need to take precautions unless he has some
definite symptom, such as hemoptysis, is also unlikely to do
well. . When he is febrile and feeling ill he will consent to go
to a sanatorium and do his best to get well, but on leaving
the sanatorium, if he has no symptoms and feels well, he
will play games and return to his ordinary life, not from
lack of self-control, but because he thinks he is cured. An
attack of hemoptysis or pleurisy will again lead him to seek
advice, but as soon as he feels well he once more returns to

P.T, 4
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a life of full activity. He is quite willing to receive treat-
ment when he has a breakdown, but does not see the necessity
of taking any steps to prevent one.

As an example of this type of patient the following case
may be mentioned. A patient, aged thirty-two, who had
always been healthy, lived an active and athletic life and
weighed 11 st. 5 1b. In April, 1928, he caught a cold, which
was followed by a cough, sputum developed and tubercle
bacilli were found. On examination occasional crepitations
after cough were heard at the right apex, but there were no
other signs. X-ray showed a slight shadow at the right
apex. He was non-febrile and felt well in himself. He was
strongly advised to have a period of rest, followed by
sanatorium training, and the prognosis was considered good.
However, he refused to rest or go into an institution, saying
that he was not ill enough for sanatorium treatment, and
felt sure that he would get well after a short open-air holiday
with plenty of milk and good food. He took a holiday,
playing golf and living what he thought an ideal life, but in
May he had lost a considerable amount of weight and began to
feel ill. In June he had extensive signs in the upper part of
the right lung, crepitations being heard as low as the angle
of the scapula behind. At the root of the left lung erepita-
tions were heard also, and X-ray showed great extension in
the right lung and shadows in the upper part of the left. He
rapidly got worse and died in December. If he had had a
large heemoptysis at the beginning of the illness it would
probably have saved his life, as he would have treated the
condition seriously from the onset and had treatment in the
early stages of the disease. Some patients who have arrived
at a chronic stage of the disease cannot realise that they must
adjust their lives to meet their disability. There may be
dyspncea owing to extensive fibrosis, though no active
disease. The patient will argue that he cannot be well
because he is short of breath when he runs upstairs, and
therefore he needs treatment. He will not meet the difficulty



TEMPERAMENT 43

by abstaining from running upstairs, but tries treatment
after treatment. This is the type of patient who tries the
various quack ‘ cures.” Most of these cures are harmless,
and often produce a temporary benefit if the patient has
faith. Some, however, are very expensive, and indeed it is
occasionally the high cost which attracts the patient. *° There
are some fools whom none but knaves can serve.”

Steady work or an interesting hobby is the best treatment
for this type of case.

Environment.—It is necessary, of course, to distinguish
between a bad temperament and inability to have the
necessary treatment, or to lead the correct life owing to
financial or other reasons. The patient whose home con-
ditions are good, and who can afford a reasonable amount
of comfort, has a far better chance than one who has to
return from a sanatorium to poverty, unsuitable work and
bad home conditions. In judging the prognosis the greatest
weight must be given to the sort of life the patient will have
to lead after his treatment in finished.

Extent of Disease.—The extent of the disease is also
important, and it has been found that patients in Group II.
of the Turban-Gerhardt classification (which is based on the
anatomical extent of the disease) have a greater expectation
of life than those in Group II1., but less than those in Group L.
Other things being equal, therefore, the greater the amount
of disease the worse the prognosis. The type of disease is,
however, of more importance, for if there is evidence of
resistance, as indicated by fibrosis and even by cavities, the
outlook is much better than in the case of a caseating lesion
which spreads rapidly without any sign of arrest. It is quite
a mistake to regard a cavity as indicating a bad prognosis ;
it is the result of Nature’s method of cure.

Response to Treatment.—The response of the patient to
treatment is a very valuable guide to prognosis. In the
great majority of cases a patient improves when he first
comes under treatment, and this is probably due to the rest,
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which is the basis of almost every form of treatment in the
initial stages, but after a few weeks some patients fail to
improve or begin to lose ground, and for these the outlook
is much less hopeful than for the patient who steadily
improves, and is able to go from stage to stage of the
treatment without a setback. Temporary relapses do oceur
during convalescence in most cases, and the patient must
not be disheartened by one. At the same time each setback
makes the outlook less hopeful. For example, in the case of
a patient who has reached a quiescent stage, and is doing
well, but has had three relapses, the prognosis is worse than
in one who has reached the same stage of improvement
without any relapse at all.

Age.—The type of disease varies to a considerable extent
according to age. In young children tuberculosis tends to be
arrested or fixed in the glands ; if it oceurs in the lungs it
is frequently part of a general infection and the outlook is
hopeless. The prognosis in the case of glandular tuberculosis
in children is good. Delicate children who are undergrown,
and perhaps have a slight dry cough with some enlarged
hilum shadows seen by X-ray, are often diagnosed as having
tuberculous mediastinal glands, and no doubt some of them
have, but they are no more likely to develop tuberculosis of
the lungs than other children. It is, of course, important to
improve their general state of health, and a prolonged stay
at the seaside with healthy exercise and outdoor games is
very necessary whether the debility is really due to tubercu-
lous glands or not, but it is wrong to class them as * pre-
tuberculous  in the sense that they are liable to become
consumptive.

About the age of puberty pulmonary tuberculosis usually
runs a very acute course, and this is the age of greatest
mortality. The prognosis, therefore, is very grave, although
recovery may take place even in cases which appear to have
very extensive and rapidly-spreading disease. The prognosis
here depends to a great extent on the response of the patient
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to treatment. In adult life the disease is generally chronie,
and arrest takes place under proper treatment. In old age
pulmonary tuberculosis is not common, but when it does
occur the prognosis is serious.

Family History.—This is usually of no great importance
in prognosis. The fact that an aunt or cousin, or even
brother or sister, died of pulmonary tuberculosis does not
make the outlook more serious. Indeed, I have found that
patients who develop an acute form of tuberculosis of the
lungs some few months after nursing or being in close contact
with an infected relative, often respond readily to treatment
and make good recoveries. In some families, however, there
seems to be a special susceptibility or lack of resistance, and
one must take a grave view when a member develops the
disease. In one family the mother died of pulmonary
tuberculosis when thirty-three, two of her sisters died of it
between twenty and thirty. Her son died of acute tuberculosis
when nineteen, and her daughter contracted it at the age of
twenty-three. Although her general condition was good
and the signs very few when she was first seen, one had to
take the family history into account in giving a prognosis.
The disease did run an acute course and she lived less than
a year.

I once saw a woman of sixty-five with signs of early
pulmonary tuberculosis, but the disease ran a rapid course
and she died in six months. A few weeks before she became
ill she had been nursing her sister, who died of the same
complaint. Although there was no history of tuberculosis
in her father’s or mother’s family, she had lost two brothers
and four sisters from pulmonary tuberculosis. Their ages
at death were thirty, forty-four, seventy-six, seventy-six,
seventy-eight and eighty-one,

Drolet (6) records an investigation into the effect of
heredity on tuberculosis. He came to the opinion that
tuberculous parents confer some degree of immunity on
their offspring which renders them actually less liable to
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contract the disease than are the children of healthy parents.
His results seem to show that children do not inherit any
susceptibility to tuberculosis. The matter is affected by
many factors, such as contact with infection, home con-
ditions, other illnesses, ete. Moreover, the difficulty of
following up all members of the family throughout the whole
of their lives and then getting reliable evidence of death is
so great that figures are apt to be most misleading. Family
histories where several members develop tuberculosis at
about the same age are not uncommon, and frequently the
same type of disease attacks each member, and it runs a
similar course in each case.

It is difficult to explain such cases without supposing
that there is some inherited quality which renders them
susceptible. Of course, children brought up in a home with
tuberculous parents are sure to be infected, and apart from
any inherited predisposition, repeated mild infections might
confer some immunity and large infections would produce
actual disease.

Dr. Ford (7) studied the histories of over 1,000 cases of
pulmonary tuberculosis and found that 79:5 per cent. gave
no family history of tuberculosis. His results also suggested
that a family history of tuberculosis did not increase the
gravity of the prognosis. On the contrary, he found that
those cases whose mothers had been tuberculous did much
better than the others.

Temperature.—Before discussing temperature it may be as
well to say a few words about the best method of taking it.

The chief difference of opinion concerns the oral and rectal
methods. Probably the rectal method is slightly less liable
to error than the oral, but it has certain disadvantages. Not
only is it unpleasant for the patient or nurse, but it is
undoubtedly apt to aggravate any nervous or hypo-
chondriacal tendencies on the part of the patient. A patient
who has been accustomed to having the temperature taken
by the mouth finds himself in another institution where it
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is taken by the rectum. If neurotic he will immediately
think that the slightest variation of temperature is of extreme
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Fic. 1.—Dotted line, rectal temperature ; solid line, mouth temperature.

importance, his spirits will rise and fall with his temperature,
and long after he should have discarded his thermometer he
will secretly use it, and a mysterious fit of depression may
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Fia. 2.—Dotted line, rectal temperature ; solid line, mouth temperature.

be accounted for by the fact that his rectal temperature was
99-4 after tea. I have frequently noticed, especially in
foreign institutions, how common a topic for conversation
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is the temperature chart, and what a bad effect it has on the
patients as a whole. It is quite true that a patient may
worry about a temperature taken by the mouth, but it has
not the same significance to most of them. The rectal
method suggests that the slightest rise of temperature is so
vital that the most aceurate method of obtaining it must be
employed and the natural result is that a slight elevation
will cause the patient serious anxiety. I do not wish to
underrate the value of the temperature chart in pulmonary
tuberculosis.  On the contrary, I entirely agree with Sir
James Kingston Fowler that * the temperature is the guide
to the activity of the disease,” but I maintain that considera-
tion for the mentality and temperament of the patient if of
far greater importance than any slight difference between
rectal and oral temperatures. For special purposes, such as
after tuberculin or exercise, in diagnosis a rectal temperature
may be useful, but in my opinion it is wrong to use it as a
routine. I have often had the temperature taken by the
mouth, axilla and reetum simultaneously in order to demon-
strate to my class how similar are the curves, and for the
purpose of this book I had rectal and oral temperatures
taken in three patients, and the results are shown in Figs.
1, 2 and 3. The higher curve is the rectal temperature,
but it will be found to rise and fall exactly as the oral one,
and these charts support my contention that the objections
to the rectal method outweigh its advantages.

With regard to the axillary temperature, this also corre-
sponds with the oral and rectal methods, but the axilla must
be carefully dried first. It is unreliable to take the tempera-
ture in a stream of urine.

Dr. Colin Milne (1) writes: *“ By taking the oral and
rectal temperatures simultaneously, twice daily for three
weeks in one series, I found the tracings on the charts to be
almost parallel, the rectal being the higher by about half a
degree.” He thinks the oral method of taking the tempera-
ture is the most suitable,
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The temperature in pulmonary tuberculosis may be taken
as an exaggeration of the normal curve, being lowest about
4 a.m. and highest between 6 to 9 p.m. In the morning from
about four to seven it remains low, and then gradually rises,
reaching normal about ten. It remains there until two in the
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Fig. 3.—Dotted line, rectal temperature ; solid line, mouth temperature.

afternoon, when it again rises until 6 p.m., and then reaches
and remains at its maximum until 9 or 10 p.m., at which time
the drop begins. Fig. 4 illustrates the usual variation in
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Fic. 4.—Diagram showing the daily variation of temperature in the
normal subject.
the temperature, and it will be seen that by taking an
early morning and evening temperature the minimum and
maximum can be obtained.

When there is a big difference between the maximum and
minimum the temperature is called hectic, and some have
thought this is due to a superadded infection by pyogenic
organisms. Koch thought a temperature of over 100-4 was

P.Ts 5
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due to the presence of septic organisms, and consequently
should be taken as a contra-indication for tuberculin. It
has been stated that various forms of treatment, climatic
and other, should depend on whether the case is a pure
tuberculosis, or complicated by mixed infection, and it has
been claimed that the advent of mixed infection can be
diagnosed by the temperature chart. Since it affects treat-
ment and prognosis, as well as our views of the course of the
disease, it is of great importance to consider how far, if at all,
the temperature in tuberculosis is affected by secondary
organisms. Of course, in long-standing cases of pulmonary
tuberculosis, other organisms will collect, and tuberculous
patients are just as liable as any to fever from other causes ;
but there is no doubt that typical hectic fever is seen in cases
of tuberculous peritonitis, pleurisy, ete., where post-mortem
examination shows simply tuberculous disease. Sir James
Kingston Fowler (2) says : *“ The parrot cry of mixed infection
does not come from the pathologists.” And again: * the term
‘ mixed infection’ has no place in relation to pulmonary
tuberculosis, but of course other organisms are present in
the lungs when breaking down of the lesions and the forma-
tion of cavities is in progress.”

Thus we may consider the hectic type of temperature as
an extreme exaggeration of the normal, and as indicating
active breaking down of the lung tissue. The temperature
is the guide to the activity of the disease, and all degrees
may be seen from the hectic in rapidly-spreading tuberculosis
to normal in the chronic fibrotic disease when there is little
or no spread. It must not be forgotten, however, that there
may be gradual spread of disease in a fibroid case without
pyrexia, and, of course, in advanced cases where resistance
fails the terminal stages are non-febrile.

Apart from this usual type of fever, varying according to
the acuteness of the infection, there are other types met with
in tuberculosis. In the inverse type (Fig. 5) the morning
temperature is high and the evening low, and it is of serious
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import. Sir James Kingston Fowler (2) writes that of 30
cases of tuberculosis of the lungs, mostly of the chronice
variety, under his eare in the Brompton Hospital, in which
the inverse type of pyrexia was observed, 14 died in hospital,
and 1 immediately
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these the inverse type
of temperature was of
only temporary duration, being present twice in one and
eight times in the other.

The inverse type is usually seen in cases of remittent fever.
The morning rise persists, but in the evening the patient
fails to react, and consequently there is no rise of tempera-
ture. A high temperature in tuberculosis can usually be
reduced by such drugs as eryogenin or pyramidon, but it

Fic. 5.—Showing inverse type of temperature.
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Fic. 6.—Remittent type of temperature. At a the patient was

given cryogenin gr. v. twice daily and at B this was stopped.
rises again as soon as the drugs are stopped. In some cases
of high remittent fever the drug reduces the evening rise of
temperature, but has little or no effect on the morning one,
so that an inverse type of temperature results, which takes
on the usual form again as soon as the drug is discontinued.

This is shown in Fig. 6,

The continuous type of temperature is often due to the
occurrence of miliary tuberculosis, and is therefore a serious
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sign. If in a case of chronic pulmonary tuberculosis, or
pleural effusion, the swinging temperature rises and the
morning intermissions disappear, as shown in Fig. 7,
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Fia. 7.—Intermittent type of temperature becoming continuous and
high owing to the onset of miliary tuberculosis.
miliary tuberculosis and a fatal termination must be
expected,
The most serious sign is when, in spite of much active
disease, the temperature falls to normal but at the same time
the patient shows signs of collapse. This indicates failure to
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Fi. 8.—Fall of temperature owing to exhaustion of the patient.

react and complete loss of resistance, and, as seen in Fig. 8, is
usually followed by a fatal issue in a few days, but a similar
fall of temperature associated with improved condition of
the patient would be a very good sign. Fig. 9 shows an
intermittent temperature, becoming remittent as the disease
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progressed. At the onset the temperature was quite con-
sistent with a favourable course, but as, in spite of rest and
other treatment, it not only failed to subside but grew worse,
the prognosis became inereasingly grave, and the patient
died later with tuberculous broncho-pneumonia.

A persistent but slight rise of evening temperature from
997 to 99-4° F. is usually not due to pulmonary tuberculosis,
but to some complication, such as tuberculous peritonitis or
pleurisy. It may persist for many months, as in the following
case : the patient, a man of twenty-three, developed pul-
monary tuberculosis, and after a few months in a sanatorium
he improved, the signs in the chest showed that satisfactory
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Fic. 9.—Intermittent type of temperature becoming remittent
owing to increased activity of disease.
fibrosis was taking place, tubercle bacilli disappeared from
the sputum, and eventually the sputum dried up altogether.
In spite of these favourable signs he continued to feel
slack, and he always had an evening temperature of between
99° and 100° F., whether he was resting or up and about.
He left the sanatorium and was living a quiet but fairly
normal life at home, when suddenly, about eighteen months
after the onset of his symptoms, he had an acute attack of
vomiting and abdominal pain, which was thought to be due
to food poisoning as it occurred immediately after a picnic.
Five months later he had another attack, and laparotomy
was performed. Extensive tuberculous peritonitis was
found, and there were many adhesions, some of which were
divided as they were obstructing the intestine. A period of
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rest following the operation restored him to health, and he
no longer has the evening rise of temperature.

Lastly, there are two types of periodic fever in tubercu-
losis. One is seen in women and occurs as a slight pre-
menstrual rise, beginning a week or ten days before each
period and rapidly falling after the first or second day of
menstruation. Such a slight variation in temperature is not
peculiar to tuberculous patients, and is of no significance in
prognosis, but occasionally there is a definite rise of tempera-
ture to 101° F. or 102° F. for a day or two before each period.
This is very similar to a tuberculin reaction, and passes off
when the period begins. These menstrual reactions are very
rare, and are not of serious import. I have failed to prevent
them by giving antituberculous serum.

A second type of periodic fever may occur every few
weeks or months, and is usually associated with pocketing
of sputum in a cavity or dilated bronchi. The patient coughs
up a large quantity of sputum for a day or two, and then the
temperature falls and the health improves for a time, when
the same occurrence is repeated. Prognosis in these cases
depends on the severity of the symptoms and the response
of the patient to treatment, such as postural drainage,
phrenic evulsion, ete.

The following conclusions may be drawn concerning the
value of the temperature in prognosis :—

1. Pyrexia must be considered in conjunction with other
factors in regard to prognosis. For example, although a
normal temperature is usually of good import, progressive
fibrotic disease may occur without causing a rise of tempera-
ture and absence of temperature may be due to failure of
resistance in the terminal stages of the disease.

2, The temperature is, however, the best guide to the
activity of the disease. Other things being equal, the best
prognosis should be given in cases who are not febrile in spite
of exercise, and the worst in those who remain febrile in
spite of rest in bed. An intermediate position is occupied
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by those who are not febrile whilst at rest, but febrile after
exertion. The less exercise it takes to send up the tempera-
ture the more serious becomes the outlook,

3. The inverse type of temperature is of serious import.

4. When the type of temperature changes to a high con-
tinuous pyrexia the prognosis is very bad, for it indicates
the oceurrence of miliary or generalised tuberculosis.

5. A prolonged slight elevation of the temperature is
usually due to some cause, such as tuberculous pleurisy or
peritonitis.

6. Prognosis in cases of periodic rise of temperature
depends on the cause of the rise and the response of the
condition to treatment. Slight premenstrual rise of tempera-
ture is of no significance.

Sedimentation Test.—Although this test is now considered
to be of little value in diagnosis, it is of undoubted use in
prognosis and in determining the patient’s response to
treatment.

The test depends on observing the rate at which the
erythrocytes fall, leaving clear serum above in a column of
blood. There are many methods of performing the test. Some
workers prefer to get the blood from a vein, but the following
technique described by Drs. Trail and Stone (3) has the
advantage of requiring only a few drops of blood from a
pricked finger or ear :—

“To two volumes of a sterile solution of 3-8 per cent.
sodium citrate eight volumes of blood are added. The unit
of volume is one drop of blood from a broad-ended glass
pipette ; the blood is drawn from an ear or finger and mixed
in a watch glass. A column of the diluted blood, 4 in.
(i.e., 100 mm.) long, is drawn by capillary attraction into a
fine glass tube about 6 in. long and 2 mm. bore. The tube
is sealed with sealing wax and placed vertically in a bed of
plasticine. In this investigation the length of the clear fluid
column above the sedimented red cells was measured at the
end of an hour, in millimetres, thus giving the result directly
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as a percentage. Any reading above 6 mm. for a man or
12 mm. for a woman is considered abnormal.”

In a series of 360 patients at Midhurst Sanatorium, Drs.
Trail and Stone found that of these 318 were clinically cases
of pulmonary tuberculosis and 42 were not. Of the 318 an
increased sedimentation rate was observed in 309 (97 per
cent.), but of the 42 the rate was increased in only 13 (31 per
cent.). They took a further series of 100 T.B. positive cases,
who were under ordinary routine sanatorium treatment, and
examined their sedimentation rate over a period of at least
four months. The clinical condition of these patients on
discharge fell into three groups :—

A. Improved or arrested with T.B. negative sputum. In
this group the average range of sedimentation was from 23
on admission to 12 on discharge.

B. Improved but still T.B. positive. In this group the
sedimentation rate ranged from 32 on admission to 22 on
discharge.

C. Stationary or worse. Here the sedimentation rate
started at 81 and ended at 32.

They point out the fallacy of taking an isolated sedimenta-
tion reading, as the rate is affected by many conditions, such
as pleurisy, development of fluid in pneumothorax cases,
worry, colds, teeth extraction, ete. They regard a patient
with a sedimentation rate of over 30 per cent. as unlikely to
improve under ordinary sanatorium treatment. Failure of
the sedimentation rate to improve under treatment suggests
a bad prognosis, or that the treatment is not being successful,
and new methods should be tried.

Professor Cummins (4) has published some investigations
into the value of the sedimentation test and Arneth count.
He writes : *° While neither the sedimentation test nor the
nuclear index provides new information unobtainable by
ordinary clinical methods they afford two additional methods
of measuring the constitutional balance of a case before,
during and after treatment.”
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He carries out the sedimentation test with a small volume
of blood obtained from a pricked finger. For the Arneth
test the nuclear divisions of 100 successive polymorpho-
nuclear leucoeytes are counted and the total recorded.

Dr. Heaf (5) uses a larger quantity of blood, and he
describes his technique as follows : *“ 0-4 c.em. of a 3-8 per
cent. solution of sodium citrate in sterile distilled water is
drawn up into a 2 c.em. syringe. The patient’s vein is then
punctured and 1-6 c.cm. of blood withdrawn. The contents
of the syringe are placed slowly into a small gallipot, care
being taken that the apparatus is dry and to avoid air
bubbles in the citrated blood. A pipette holding 1-25 c.cm.
graduated in 200 divisions is taken and the citrated blood
thoroughly mixed. It is finally sucked up to the 200 mark
on the pipette, care being taken to obtain a column of blood
without air bubbles. The pipette is placed in a vertical
position in a stand. Readings of the height of the column
of red blood corpuscles are taken after the 1st, 2nd, 3rd, 4th,
6th, 9th, 12th, 18th and 24th hours.”” He claims that this
method allows a series of readings over twenty-four hours
to be taken, and that the bore of the pipette is so wide that
if a number of red cells adhere together the clot will not
affect the sedimentation rate, as is the case in a capillary tube.

With reference to prognosis Dr. Heaf found that the rate
of sedimentation was increased in cases in which the disease
was obviously progressing, and decreased in cases in which
the lesion was becoming arrested. Of 150 patients whom he
watched for from six to ten months it was found that
prognosis based on a series of sedimentation tests was correct
in 82 per cent.

Vernes’ Resorcin Test.—This was first used in cases of
syphilis and later applied to tuberculosis. It depends on
the degree of turbidity of the serum, which is measured by
a complicated apparatus known as the Vernes-Brieg-Yvon
photometer (10). The blood should not be taken until at
least three hours after a meal, for otherwise the serum may
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be cloudy. A few eubic centimetres of blood are taken from
a vein and allowed to clot. The serum is decanted, centri-
fuged, and again decanted. This clear serum may be kept
on ice for a time, but should be used within twenty-four
hours. 0-6 c.em. of this serum is added to 0-6 c.cm. of 1-25
per cent. solution of resorcin in doubly distilled water, and
is immediately examined in the pholometer to determine
the optic density. Four hours later the optic density is
again taken. If the difference between the two readings is
under 15, active tuberculosis can be excluded, whereas a
reading of over 30 is said to indicate an active lesion. Read-
ings between 15 and 30 may be regarded as suspicious.
Vernes claims that the test will enable one to eliminate the
so-called larval forms of tuberculosis, and determine the
nature of a pleurisy or pulmonary focus of doubtful origin.
It can, moreover, be used to follow and control the results of
treatment.

Dr. Jordan (11) desecribes the results of the test, and Drs.
Ralph and Davies (12) applied the test to 200 patients with
proved tuberculosis, 150 suffering from some disease other
than tuberculosis and to 25 normal individuals.

The average optic density for the cases of acute tubercu-
losis was 95, but in convalescent cases it was between 40 and
50. The average figure for inactive tuberculosis was 28, but
in 6 it was below 15, although tubercle bacilli were present
in the sputum.

In typhoid fever the average during the second week was
55. Advanced malignant disease was usually above 100,
and one case of carbuncle was 269,

All of the twenty-five normal cases gave a reading below
15, but one of them subsequently developed a common cold,
and the test was given again and found to be 77. A month
later it was again taken, and had fallen to 2. It is clear,
therefore, that the test, like the sedimentation test, is
affected by other conditions as well as tuberculosis. Drs.
Ralph and Davies came to the conclusion that the Vernes
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test cannot be considered specific for tuberculosis, and that
its chief value in diagnosis is that a figure below 30 contra-
indicates active tuberculosis ; the converse does not obtain.

Vital Capacity.—The vital capacity is definitely lowered
in pulmonary tuberculosis, so that a normal finding may be
taken as useful evidence against this disease, although a
positive one is no evidence in its favour. The vital capacity
increases if the patient improves and decreases if he becomes
worse, and is therefore a good method of observing the
effects of treatment. It is also of value in prognosis,
especially if repeated readings are taken. It is very neces-
sary to take great care in obtaining the vital capacity or
the readings will be inaccurate. I use the spirometer of
C. Verdin, made by Boulitte in Paris.

The patient should be seated comfortably in such a
position that he cannot see the dial of the spirometer. He
should inspire to his fullest capacity and then expire com-
pletely but slowly into the mouthpiece of the spirometer.
At first many patients fail to take a full inspiration, or to
empty their lungs completely, but with a little practice they
understand what they are required to do. The first two or
three readings should be ignored and the patient encouraged
to try again, until it is found that each time he gives the
same vital capacity. It has been stated that patients can
increase their vital capacity with practice, but this is not
really the case, and it will be found that the capacity for a
given patient is remarkably constant when once he has been
taught what to do.

Professor Dreyer showed that definite relationships exist
between vital capacity and certain body measurements,
and he published (8) a book containing tables showing what
the normal capacity should be under various conditions.
With Professor Dreyer (9) I studied vital capacity in relation
to pulmonary tuberculosis and found that of 267 cases with
tuberele bacilli in the sputum the vital capacity was above
normal in one only. This patient had tubercle bacilli dis-
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covered in the sputum once when he had a cough following
a cold ; they were not found at any subsequent examination.
X-ray and physical examinations failed to reveal any sign
of disease, and he returned to work and kept well without
developing any signs of elinical tuberculosis.

In our series it was found that vital capacity does diminish
as the extent of the disease inereases, but still more does it
diminish with increasing toxaemia.

The following case shows the gradual decline in wvital
capacity as the patient grows worse :—

1920. March. Vital capacity .  — 88-1 per cent.
May. 0 . — 860
September. s . — 872 e
December. 7 2 — 414

1921. February. i : — 520 -
May. 5 - — 520 .

The patient died in June, 1921.

The following two readings were taken from an acute case.
The patient became ill in February and died in July. In
March the vital capacity was — 169 per cent., in May it
was — 62 per cent.

The following readings were taken from a chronie fibroid
case, and it will be noticed how constant they remain whilst
the condition of the patient kept practically the same :—

1919. April Vital capacity .  — 24-5 per cent.
1921. May. . S i 1
1922. March. & : — 20:2 e

Even in advanced cases of fibrosis the vital capacity
remains constant provided the condition of the patient
remains unchanged, as the following readings indicate :—

1919.  April. Vital capacity .  — 50-0 per cent.
1920. February. o .. —B0B
1921. April. 35 . — 507

1922. March. - . —519
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A good prognosis is suggested when the vital capacity
is nearly normal, improves under treatment, or remains
constant whilst the patient is leading an ordinary life.

A bad prognosis is probable if the vital capacity falls as
soon as the patient begins to take exercise, and the outlook
is still more serious if the capacity gradually becomes worse
during treatment. A low vital capacity is produced by
many other conditions besides tuberculosis, and provided
it remains constant it does not necessarily indicate a bad
prognosis.

Complications.—The development of certain complications,
such as meningitis or enteritis, make the prognosis hopeless.
Toxic diarrheea must be distinguished from ulceration of the
intestine. Tuberculous peritonitis occurring during tubercu-
losis of the lungs usually proves fatal if accompanied by
continuous pyrexia. Patients often live for many months,
but it is a far more serious condition than tuberculous
peritonitis occurring in a patient whose lungs are healthy.
Tuberculous laryngitis was formerly thought to be a fatal
complication, but, although it undoubtedly adds to the
gravity of the disease under modern treatment many patients
recover.

Haemoptysis rarely proves fatal, and it has been said that
patients do not die of hemoptysis, but after it. The after-
effects, and especially tuberculous broncho-pneumonia, are
certainly more dangerous than the haemorrhage itself. Some
patients are liable to repeated attacks of hamoptysis, and
many of them live for years, and, except that they have to
rest for a few days during each attack, they maintain a good
standard of health. The prognosis is always uncertain in
such cases, owing to the possibility of an acute exacerbation
following hemoptysis. A sudden or large hemoptysis is
not common, but more often oceurs in the chronic fibrotic
type of ease with large cavities than in other types of the
disease.

Haemoptysis may actually improve the prognosis by
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drawing attention to disease which might not otherwise have
been detected, and more especially by alarming the patient,
and thus making him willing to undergo thorough treatment
at the beginning of his illness instead of waiting until the
disease has passed into the incurable stage.
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CHAPTER VI
CERTAIN COMPLICATIONS

Hzemoptysis

MucH has been written about the treatment of heemop-
tysis and the number of remedies advocated bears testimony
to their failure.

The first point to remember when confronted with a case
is that it is a most alarming occurrence for the patient and
his friends, and it is necessary to reassure them and give
them confidence.

The second point is that, although something definite
must be done to calm the patient, some methods of treat-
ment are actually harmful, and even if one cannot stop
the hzemorrhage one can at least avoid making it worse.

The bleeding may vary from a mere staining of the
sputum to a large and fatal hemoptysis, although such a
serious one is rare. Patients do not die of hemoptysis, they
die after it as a result of its complications. A large heemop-
tysis usually comes from a ruptured vessel or an aneurysm
of the pulmonary artery in a cavity, a small one from
capillary congestion. The blood may come from the systemic
(bronchial vessels) and not from the pulmonary circulation,
and in any case pulmonary pressure is not of the first
importance, since whether raised or lowered the same quan-
tity of blood has to pass through the pulmonary system, as
all blood leaving the left ventricle has to go through the
lungs and right side of the heart.

Drugs given for the purpose of affecting the pressure are
of doubtful value therefore, and they would probably be
actually harmful but for the fact that if they do have any
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effect on the blood pressure at all it is very transient. Drugs
such as amyl nitrite, adrenalin, pituitrin and ergot are best
avoided. Adrenalin is said to constrict the peripheral
arteries except the pulmonary, which it does not affect, and
the cerebral and coronary arteries, which it causes to dilate ;
pituitrin is said to lower the pulmonary but raise the general
blood pressure. In practice, however, no effect is produced
on hemoptysis. Turpentine is harmless in small doses but
poisonous in large ones, and even large doses taken by the
mouth have no effect whatever on heemoptysis. Cold drinks
or sucking ice have been advocated, but they dilate the pul-
monary vessels and tend to increase the haemorrhage. Hot
drinks constrict the vessels, but have a stimulant effect and
should be avoided. An ice-bag applied to the chest is said
to constrict the vessels beneath it. I have never seen it have
any effect on the heemorrhage, but it may soothe the patient
and so have a good mental effect.

Sodium chloride given by mouth (3i. in water 3v.) or
intravenously (5 c.em. of a 10 per cent. solution) has also been
advocated and is said to increase the coagulability of the
blood by drawing into the blood stream tissue fluid and so
thrombokinase. If given by the mouth it may cause vomit-
ing, which I think should be avoided, although some advocate
emetics partly because they tend to clear the bronchial tubes
and partly because the effort of vomiting may rupture the
bleeding vessel and so, by allowing the ends to contract, stop
the haemorrhage.

Horse serum is quite useless in my experience, and I have
not seen any good results from hemostatic serum or coagulen-
ciba, given subcutaneously. In one case I injected coagulen-
ciba through the circo-thyroid membrane into the trachea,
but it had no effect.

Caleium chloride increases the coagulation rate of the
blood considerably. H. Elving (2) found the rate altered
from five and half minutes to half minute in one case after the
intravenous injection of 20 c.em. of a 15 per cent. solution of
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calcium chloride. Many cases have been described where
heemoptysis has stopped rapidly after such an injection, but
it tends to stop automatically, and I have never convinced
myself that this result was due to the calcium in any of my
cases. Osler pointed out that treatment which might do
good in a ease of congested mucosa would be as much out of
place in heemorrhage from a ruptured pulmonary aneurysm
as in a cut radial artery. However, any effect the calcium
did have would be for the good and it is quite rational to use
it in certain cases.

Morphia is advoeated by one school and denounced by
another in the treatment of hemoptysis. Riviere (3) dis-
cusses the advantages and disadvantages of opiates and gives
a very full account of the various methods of treating
hemoptysis. He says that the modern tendency is :—

1. To delay the use of narcotics in large heemorrhages so
that cough may be efficient in clearing the tubes.

2. To avoid their routine use.

3. To replace morphine by codein, heroin or dionin.

At the conclusion of his paper he points out that, after all,
the outcome of hemoptysis in any individual case is “ on
the knees of the Gods,”” and commonsense methods to assist
Nature are all that can really be done apart from collapsing
the lung. To this I would repeat my warning of the possi-
bility of doing harm by over-treatment. Riviere said
““ Nature’s method will here be plugging of the area around
with blood clot—until, soon, her concern for clear air tubes
leads her to defeat these efforts by the induction of cough.
How clear a passage can be steered under such circumstances
between the Seylla of infarcted lung with its threat of pneu-
monia or subsequent tuberculosis, and the Charybdis of
continuing heemorrhage is for the physician to ponder, for he
holds the fatal rudder, opium and its derivatives, in his
hands.”

One view is that heemoptysis is not often fatal, and in the
rare cases when it did prove fatal morphia would not have

P.T, 0
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saved the patient. On the other hand, tuberculous broncho-
pneumonria or bronchitic spread of the infection does develop
not infrequently after a hamoptysis, and this is due to
blood getting into the bronchi and remaining there. Treat-
ment should be to clear the bronchi, whereas morphia tends
to prevent cough. All this is perfectly true, but a small
amount of morphia does not prevent cough and certainly
does not lead to accumulation of blood in the tubes any
more than natural sleep does, and it does undoubtedly pacify
the patient. Most physicians will agree that it is bad prac-
tice to keep a patient deeply under the influence of morphia
or to give an injection of morphia every time a fresh
haemoptysis occurs, but an initial injection at the onset
does no harm whatever. On the contrary, it does a great
deal of good by calming the patient and preventing restless-
ness. It must be admitted that blood should not be allowed
to remain in the bronchial tubes, but too much coughing
undoubtedly breaks clots which have formed over the
bleeding surface and the violent expiratory and inspiratory
efforts of cough prevent clotting and increase the hemor-
rhage. In order to clear the tubes of blood some advocate
the ambulatory treatment of hmmoptysis. The patient is
allowed out of bed, given stimulants and even emetics.
Whilst admitting the danger of broncho-pneumonia or
spread of disease after haemoptysis, I think it is far more
dangerous to allow a patient to walk about and to encourage
too much coughing.

In order to decrease the quantity of blood passing through
the lungs the thighs have been bandaged sufficiently tightly
to stop the venous circulation. After an hour and a half or
two hours one arm is bandaged and one thigh unbandaged,
and then the other arm is bandaged and the thigh un-
bandaged. Half an hour later first one arm and then the
other are unbandaged. This method is also said to increase
the thrombokinase in the blood, since the bandaging pro-
duces cedema, and on unbinding the limbs the tissue {luid
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flows into the blood stream. A similar result is said to follow
dry cupping the back or abdomen.

In a severe case of hamoptysis artificial pneumothorax
should be induced if one can determine from which lung the
blood is coming : 300 or 400 c.cm. of air introduced into the
pleural cavity are usually sufficient to stop the bleeding.
Formerly I used to give a large initial quantity of air, but
now I do not think it necessary. Should the first injection
fail to check the heemorrhage it is easy to give another one,
and if too much air is given at once a reaction is apt to occur
and add to the patient’s discomfort, even if no harm is
done.

One patient, a girl of eighteen, had slight heemoptysis in
August, 1920. She quickly recovered, but was found to have
a lesion at the apex of the right lung and T.B. were found in
the sputum. On December 18th hemoptysis returned and
she coughed up 5 oz. of blood, on the 19th 8 oz., and on the
morning of the 20th another 8 oz. In the afternoon of the
20th she was coughing up a quantity of blood and a right
artificial pneumothorax was induced : 1,400 c.cm. of air were
given and the intrapleural pressure was raised from — 11 —8
to — 1 + 5. She had no further heemoptysis. The first refill
was given two days later, the first few injections being as
follows :—

December 20th, 1920. — 11 — 8 1,400 —1 +5
29nd ., — 11 =8 1,200 0 43
26cEh ., = S | 900 14 16

30th ., — 4 —1 700 45 -7

After the initial treatment she had a reaction with a tem-

perature of 103, but it fell to normal in thirty-six hours. A

slight reaction followed the first and second refills, but after

that there were no reactions and the temperature remained

normal. She is now (November, 1930) alive and at work, but
has signs of fibrosis in the upper zone of the right lung.

In cases of repeated h@moptysis artificial pneumothorax
=2
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may be successful. One of my patients, a man of twenty-
three, had heemoptysis in 1906. He had recurrent attacks at
intervals of about a year until 1918, when they became more
frequent. In 1921 he was having heemoptysis up to half a
pint every few weeks. In one month he had three attacks
and he had been unable to work for over a year. In March,
1921, during an actual attack of hmmoptysis artificial
pneumothorax was induced on the right side. This stopped
the bleeding and he is now (November, 1930) well and has
had no more heemoptysis. The lung was kept collapsed until
July, 1922, but he returned to work in May, 1921, and
attended every three or four weeks for refills.

In some chronic cases it is impossible to induce a pneumo-
thorax owing to adherent pleura, and under these circum-
stances thoracoplasty should be considered.

The treatment of heemoptysis must, of course, depend on
its severity, but the following may be suggested as a basis
for treatment.

Put the patient to bed and keep him propped up with
pillows in the semi-upright position. A day and night nurse
should be employed and no visitors should be allowed,
although it may be necessary to let certain members of the
family see him. The patient must be reassured, for however
well he may control his feelings he is certain to be very
alarmed and anxiety leads to restlessness and a quickened
heart-beat. In some cases the physician is able to pacify
the patient by his personality and assurance that all will be
well, but it is often best to give a small injection of morphia.
This will tide the patient over the initial period of terror, will
relieve restlessness and assist clotting to take place. It is
not necessary to give enough morphia to stop cough and it is
very rarely necessary to repeat the injection. I agree that
morphia should not be given as a routine, but, in my opinion,
it has a very real value in the treatment of certain cases of
hemoptysis. The nurse should be instructed to keep the
patient as quiet as possible, Too much fussing should be
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avoided. Cough should be encouraged if there is anything to
be expectorated and it should be explained to the patient
that there is a certain amount of blood in the tubes which
has to be coughed up and that there is no reason to feel
alarmed about it. On the other hand, the continuous dry,
useless cough, which so many patients develop, should be
checked—it is largely a matter of habit and the patient can
usually control it. A good cheerful nurse who has the
patient’s confidence is of the utmost value.

The bowels should be kept open and an initial dose of 2 gr.
of calomel, followed five hours later by a dose of salts, may
be given. The diet should be light and not stimulating, but
it need not be cold. Iee to suck or iced drinks are harmful.
Fluid should be restricted and should not exceed a pint and
a half daily during the actual heemorrhage ; 8 oz. of pounded
fish or chicken, or 5 oz. of rabbit, raw meat sandwiches, bread
and butter, milk and eggs are suitable foods, and it is not
necessary or even wise to keep a patient strictly on a milk
diet.

No medicinal treatment is required in mild cases, but as a
placebo to comfort a nervous patient it may be wise to give
a mixture such as :—

Pot. Brom. . : . BT
Tinct. Hyoscyami. : ; . Mxv.
Syr. Aurantii. . ; ; S s
Aq.ad. . . ; : S

three times a day.

An icebag on the chest is harmless and may be ordered if
necessary for its effect on the mental state of the patient.

By these methods the great majority of mild cases will
soon improve. The patient should be kept in bed for at
least three days after the sputum is free from all traces of
blood, and in the event of bronchitis or fever following the
hemoptysis he should be kept propped up in bed and given
an expectorant mixture. After-treatment must depend on
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the condition of the patient and whether any activity of the
tuberculosis has been set up by the heemoptysis.

In cases of moderate severity, where the haemoptysis con-
tinues for six or more hours, an intravenous injection of
10 c.cm. of a 10 per cent. solution of calcium chloride may be
given. It is, of course, quite useless in a large heemorrhage
due to a ruptured pulmonary aneurysm, but may help in a
case of congestion or oozing.

A better method of treatment for moderate or continued
cases 1s to bind the limbs as already described.

In more severe cases artificial pneumothorax is indicated,
and 1n any case where the bleeding continues for more than
three days and there is no contra-indication a pneumothorax
should be induced not only to stop the hamoptysis but to
lessen the chances of a subsequent tuberculous broncho-
pneumonia.

Pleurisy

A. Dry Pleurisy.—Pleurisy is a very common occurrence
during the course of pulmonary tuberculosis. Sometimes it is
painless and it may be unsuspected until revealed by post-
mortem examination. There may, however, be considerable
pain in a case of acute dry pleurisy, and to relieve this the
affected side should be rested as much as possible. In mild
cases rest in bed with antiphlogistine or some other warm
application over the painful part will be sufficient. Strapping
the side with straps of adhesive plaster passing from the verte-
bral column completely round the chest to beyond the sternum,
and applied when the chest is in a state of deep expiration,
will rest the lung and alleviate the pain. It is essential to
make certain that the strapping is put on evenly as if it
becomes crumpled it is very uncomfortable. Sodium sali-
cylate is frequently given, and a draught consisting of
Phenazone, gr. x., Sp. Amm. Arom., 3ss., Aq. Chlorf. ad 3i.,
will usually relieve the pain. In severe cases, however, an
injection of morphia is required to give relief. Cupping over
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the painful area is often very comforting to the patient, and
formerly leeches were applied if the pain was acute. In
really bad cases, however, the induction of a partial pneumo-
thorax is the best treatment and should always be con-
sidered in any case bad enough to justify giving morphia. It
is not necessary to give more than 200 or 300 c.cm. of oxygen,
which are quite enough to separate the visceral and parietal
layers of pleura. When absorption of the oxygen occurs and
the two pleural surfaces again come into contact the pain
does not, as a rule, return, possibly because a thin layer of
lymph has formed over the inflamed surfaces. Oxygen is
preferable to air in these cases as it is more quickly absorbed,
and if the pleural surfaces are kept apart for long an effusion
is very likely to result. In cases where the underlying lung
is affected and it is desired to maintain an artificial pneumo-
thorax it is better to use air. In certain cases, of course, it is
not possible to produce any collapse owing to adhesions, but
in the majority of cases where a pleural rub can be heard a
sufficient collapse can be obtained to relieve the pain and
the relief is often dramatic. Even in pleurisy from malignant
disease the pain may be stopped by pneumothorax. One of
my patients with pulmonary neoplasm developed pleurisy
which caused great pain, prevented her from sleeping and
would not vield even to morphia. A very partial pneumo-
thorax was induced and the pain immediately ceased and
did not return throughout her illness although the lung
quickly re-expanded and a coarse pleural rub could be both
heard and felt.

In cases of continuous dragging pain, especially that
resulting from diaphragmatic pleurisy or adhesions, phrenic
evulsion may be successful, and its possibilities should always
be borne in mind.

B. Pleural Effusion.—Clear serous fluid is usually straw-
coloured, but may be tinged with red from admixture with
blood. It may form in the pleural cavity as a transudate,
the result of circulatory stasis, or as an exudate which
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develops from inflammation. Lord (4), in a description of
pleural fluid, says that a transudate and exudate differ,
as shown in the following table :—

— ———

Transudate. Exudate.
Specifie 1010—1015 1018 or more.

Gravity.
Hydremice fluids having
lower specific gravity
than transudates from
venous stasis.

Albumin £ 1—3 per cent. 4 per cent. or
more.
Fibrinogen . Trace. Larger amount.
With acetic Very slight precipitate. | Bigger precipi-
acid. tate.
Coagulates. Slowly or not at all. Quickly.

It has been stated that when the predominant cells are
small lymphocytes the effusion is due to tuberculosis, if
polymorphonuclear leucocytes predominate the ecause is
some pyogenic infection (such as Pneumococcus, Strepto-
coceus, Staphylococeus), whereas an excess of endothelial
cells suggests an effusion of mechanical origin. Lord points
out that the intensity of the pleurisy as well as the cause
affects the cells in the effusion. Thus in long-standing transu-
dates the endothelial cells may diminish and the lymphoeytes
increase. A transient excess of polymorphonuclear leuco-
cytes may occur in the early acute stage of a tuberculous
effusion and a secondary infection in a chronie effusion will
affect the cells. In malignant disease the cells of the effusion
are similar to those found in transudates, endothelial cells
being in excess. An excess of eosinophil cells in the effusion
is regarded by some as evidence against tuberculosis.

Tubercle bacilli are not found in the early stages, but in



PLATE XIX

icnT PLEUBAL EFrusiox wiTé THE PATIEXT 1¥ THE LEREcT POSITION,

[T'o face p, T2,



PLATE XX

THE =amME (CAsiE As Prare XIX wiTtH THE PATIENT BECUMBENT.



PLATE XXI

HYDROPNEUMOTHORAX WITH THE PATIEST 15 THE Erecr PositioN. NoTE
THE FLUID LEVEL AND COMPLETE COLLAPSE OF THE LUNG.

| To Ill'lrn'r' . 12,



PLATE XXII

SAME (CASE As Prate XXI 1x THE REcuMBENT PosITIiON.



PLEURAL EFFUSION 73

the long-standing tuberculous effusions they are usually to
be found and often in large numbers. Inoculation of a guinea-
pig will often reveal the presence of tuberculosis, although
the bacilli could not be found microscopically, but even this
test is usually negative in the early stages of the effusion.

Treatment.—As soon as an effusion develops it is safest
to remove some 5 c.cm. for examination in order to confirm
the diagnosis and exclude empvema. If the fluid is clear
and is of tuberculous origin it is best to allow a natural
absorption, which usually occurs in the course of a week or
two. No medicinal treatment is required except to relieve
the symptoms, such as constipation, sleeplessness, ete., but
the patient should be kept in bed until the temperature is
normal and the fluid sufficiently absorbed for the heart and
mediastinum to be in the correct position. Some patients
with clear tuberculous effusions run a high hectic tempera-
ture for several weeks, but it eventually settles and does not
indicate the onset of empyema. An intermittent or hectic
temperature, which alters and becomes a high continuous
one, is of serious omen, as it usually indicates the develop-
ment of miliary tuberculosis.

Aspiration should be performed in these tuberculous cases
only if the effusion is so large that it causes considerable
dyspneea or pressure symptoms or if it is desired to convert
the effusion into a pneumothorax (5). If there is no sign of
absorption after three weeks it is usually best to remove the
fluid and leave a pneumothorax.

In a large effusion causing pressure symptoms absorption
may take place after some 8 or 10 oz. have been aspirated,
but if it is decided to remove more than 15 oz. some air or
oxygen should always be introduced to replace the fluid
withdrawn. If this is not done the sudden expansion of the
lung is apt to set up an acute tuberculosis by activating a
quiescent lesion. Moreover, the rapid lowering of the intra-
pleural pressure may cause cedema of lung, faintness, or
even sudden death. Oxygen should be used to replace the
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fluid if one wants the lung to expand in a day or so, but air
is better if it is desired to maintain a pneumothorax.
In order to replace the pleural fluid with gas the author’s

| T

FULL SIZE TUBES

Fia. 10.—Aspirator used for gas replacements.

aspirator (Fig. 10) may be used. It has not the same
suction power as Dieulofoy’s piston or Potain’s vacuum
aspirator, and so for cases of simple aspiration I use Dieulo-
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foy’s apparatus. With Potain’s the effusion is sucked into
the exhausted bottle with a series of spurts and it is impos-
sible to get an even flow of fluid with it. For gas replace-
ment the author’s aspirator has the advantage of working
without attention when once started, and is therefore useful
if the physician is single-handed, for he does not have to
occupy himself with pumps, ete. Moreover the flow of the
fluid is even and it is possible to keep the intrapleural
pressure absolutely constant throughout a gas replacement.
The aspirator consists of a trocar and cannula (A) made in
three sizes and a graduated reservoir (C). The neck of the
reservoir is fitted with a rubber cork through which a short
glass tube is passed. This tube is connected with the trocar
and cannula by a rubber tube (B). The contents of the
reservoir can be allowed to flow out through another tube (D)
into a suitable receptacle. To use the apparatus the tube (D)
is closed, the reservoir partly filled with water and hung at
the side of the bed. The rubber tube (B) is then connected
with the side branch of the trocar and cannula, which is then
ready to be inserted into the pleural cavity. The patient
should lie on his healthy side with the axilla of the affected
side uppermost. After cleansing the skin over the back just
below the angle of the scapula and ansthetising the site to
be punctured with 2 per cent. novocain solution the trocar
and cannula is inserted into the pleural cavity. The trocar is
then withdrawn, the tap turned off, the clip on tube (D)
unfastened and the negative pressure produced by the flow
of water through D will suck the pleural fluid into the reser-
voir (C). A needle connected with the pneumothorax
apparatus is now put into the pleural cavity through the
axilla and air or oxygen allowed to flow in. As this is the
uppermost part of the body, with the patient lying on his
side, the gas will collect and form an air space in the axilla
as the fluid flows out through the lower needle.

I think it is better to use two needles as described, but the
procedure can be carried out with one needle. In order to
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do this when the trocar has been withdrawn and the tap
turned off, the rubber tube from the pneumothorax
apparatus is then fitted onto the cannula, and by clipping
tube (B) and opening the tap air can be let into the pleural
cavity, but one cannot insert air and remove fluid at the
same time. Dr. Nelson (6) deseribes a method of gas
replacement used in Pavia which appears very efficient but
requires rather cumbersome apparatus.

After gas replacement the treatment is the same as an
ordinary case of artificial pneumothorax complicated by
effusion.

If after a simple aspiration the fluid re-accumulates suffi-
ciently to necessitate a second aspiration, it is best to intro-
duce a little oxygen into the pleural cavity. Repeated
re-accumulation of the effusion should suggest the possibility
of neoplasm, especially endothelioma of pleura.

Auto-serotherapy has been practised by some : that is, the
subcutaneous injection of 1 c.em. of the exudate directly it
has been aspirated, but I do not think this method is of any
value.

If instead of clear fluid a tuberculous empyema forms,
the treatment is different and the condition much more
serious because :—

1. There is a tendency for great thickening of the pleura to
occur so that the lung cannot expand and close the empyema
cavity.

2. Serious complications, such as rupture of the empyema
into the lung, are liable to oecur.

3. Sinuses are apt to form through the tracks of the
aspirating needles.

The treatment consists in emptying the empyema cavity
by aspiration, and if the lung shows no sign of re-expanding
in closing the cavity by thoracoplasty. The condition is
especially frequent in cases of spontaneous pneumothorax,
and treatment is discussed under that heading.



PNEUMOTHORAX T

Spontaneous Pneumothorax

This may occur suddenly or gradually. In some cases it
produces a sudden violent pain and severe dyspncea, which
may rapidly prove fatal. I saw one case mistaken at first
for a perforated gastric ulcer. In other cases a patient who
complains of dyspncea for several days, but not enough to
prevent him from working, is found to have a complete
pneumothorax. Sometimes the condition is found acci-
dentally by routine clinical or X-ray examination in a patient
who has no symptom suggesting it.

In many cases the lung quickly re-expands and no treat-
ment beyond a few days’ rest is required. If the symptoms
persist, however, and there is no sign of re-expansion after a
week, it is best to remove some of the gas from the pleural
cavity and so assist the lung to begin to expand. The gas
should be removed gradually and no more than 700 c.cm.
taken off at the first aspiration, otherwise a paroxysm of
cough, severe dyspncea and frothy expectoration are likely
to occur.

In the severe acute cases where there is urgent dyspncea
gas should always be aspirated. It is often under great pres-
sure and can be heard rushing out when the needle is put
into the pleural cavity. The perforation in the visceral
pleura is sometimes valvular, so that the air, which is forced
into the pleural cavity when the patient coughs, cannot
escape, and the intrapleural pressure consequently becomes
very high and may lead to great displacement of the heart
and mediastinum. In such a case the aspirating needle
should be left in the pleural cavity with a long piece of
rubber tubing leading from the needle to a bowl of water on
the floor. This forms a water valve which allows the gas to
escape, but prevents any air from entering the pleural
cavity.

In some cases there is considerable dyspncea, but only a
low intrapleural pressure, and in these there is usually a
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nervous element so that the symptoms quickly subside after
the patient has been given a small dose of morphia.

Tuberculosis accounts for over 80 per cent. of all cases,
and now that X-ray examinations are so frequently made
it is known that a partial pneumothorax is quite a common
occurrence in cases of chronic pulmonary tuberculosis. In
the great majority of tuberculous cases fluid forms and is
apt to develop into tuberculous pus. In non-tuberculous
cases, however, an effusion rarely forms, and as a rule the
lung quickly re-expands without leaving any bad results.
This agrees with the findings of artificial pneumothorax,
where over half of the tuberculous cases develop some fluid
during treatment, but the non-tuberculous cases practically
never get an effusion.

When a spontaneous pneumothorax is followed by the
development of tuberculous pus in the pleural cavity the
patient almost always dies of the disease sooner or later.
Tubercle bacilli are often absent at first in the effusion, but
later appear in large numbers, and a secondary infection is
liable to occur. Repeated aspiration is apt to cause sinuses
and make the prognosis still more grave. Even if the original
perforation in the visceral pleura does heal the pleura tends
to become very thick and to prevent re-expansion of the lung
so that the pleural cavity is nothing more than a bag of
tuberculous pus. Every effort should be made therefore to
re-expand the lung. As soon as it becomes clear in such
cases that the lung cannot expand I advise thoracoplasty, for
the longer the operation is delayed the worse chance for the
patient. This applies to all cases of tuberculous empyema,
and not only those which follow spontaneous pneumothorax.

In order to stimulate re-expansion of the lung the pus
should be aspirated completely and the intrapleural pressure
left negative. If the pus is thick 15 or 20 c.cm. of Gauvian’s
modifying fluid (guaiacol, 2 grm., creosote, 2 grm., iodoform,
5 grm., ether, 10 grm., sterile olive oil, 100 c.cm.) may be
injected into the pleural cavity a day before aspirating to
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render the pus more liquid. Of course if the perforation in
the viseeral pleura is open the patient will taste this modifying
fluid, and failure to taste it may be taken as evidence that
the perforation has healed and therefore that there is more
likelihood of the lung re-expanding.

The pleural cavity may be washed out with normal or
hypotonie saline or with a 1 in 4,000 solution of methylene
blue. In order to do this two needles are used as in gas
replacement and the saline is introduced through a funnel

Fic. 11.—Needle with tubing as used for fluid replacement.

and rubber tube attached to B (Fig. 11) of the pneumothorax
needle which is inserted into the chest through the axilla.
When the tube (A) leading to the pneumothorax apparatus is
clipped and tap (C) turned on the saline will flow into the
chest and pass out through the aspirating needle in the
back. The position of the patient should be changed from
time to time in order to mix the pus with the saline and the
pleural cavity washed out until the fluid leaving through the
lower needle is quite clear. Tap (C) should then be turned
off, tube (A) unclipped so that the intrapleural pressure can
be ascertained and adjusted by introduecing air or oxygen
whilst the remainder of the fluid is being aspirated through
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the lower needle. If there are sinuses or if there is much
toxaemia it is best to wash out the pleural cavity in this way
once or twice in order to get it as clean as possible before
thoracoplasty and to improve the patient’s general condition.

The following case illustrates the treatment in a case
where the original perforation did not heal and thoracoplasty
was performed.

The patient, a man of thirty-three, developed a right
spontaneous pneumothorax in September, 1925. On Novem-
ber 3rd, 1,750 c.em. clear fluid were removed from the right
pleural eavity. It was sterile and no tuberele bacilli were
found in it. On November 19th, 200 c.em. of turbid fluid
were found. In January, 1926, 1,000 c.cm. of turbid fluid
were removed, and in March, 1,200 c.cm. of greenish pus were
aspirated. In April another 1,200 c.cm. of pus were aspirated
and it now contained tubercle bacilli in large numbers.
There was still an open perforation in the viseceral pleura, as
was shown by the patient tasting the modifying fluid which
was introduced into the pleural eavity, and as there was no
sign either by clinical or X-ray examination of the lung
re-expanding thoracoplasty was advised. This was done in
two stages and a month later phrenic evulsion was per-
formed. The result was very satisfactory, the pleural
cavity being obliterated and the patient making a good
recovery.

The operation is not free from danger, especially in cases
where there are sinuses, but I believe the patient is in far
greater danger if left alone. If the perforation in the visceral
pleura remains patent the danger is considerable, not only
of the pleural eavity being infected but of dissemination of
disease in the lungs. In one case of spontaneous pneumo-
thorax, when some lipiodol was introduced into the pleural
cavity, X-ray showed traces of it in both lungs on the
following day, suggesting that the lipiodol, and consequently
the tuberculous pus also, is aspirated into both lungs by the
inspiratory efforts which accompany cough. Under modern
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conditions, and in the hands of a surgeon accustomed to this
type of work, the operation has not the same terrors it
possessed a few years ago, and I feel convinced that it is
more often advised too late than too early in these cases.
The reason for this is that so many cases do well for a time
and appear to be recovering when an accident, such as rupture
into the lung or infection of the cavity as shown by the
beginning of pyrexia, return of cough or sputum, leads to a
steady or rapid decline in health and ultimately renders
thoracoplasty essential. West (7) gives the general mortality
from spontaneous pneumothorax as 70 per cent. In my
opinion, the following conclusions may be drawn :—

1. Spontaneous pneumothorax of simple or non-tuber-
culous origin usually heals quickly and is not complicated by
the formation of effusion. If the lung does not re-expand
after a few days some gas can be removed from the pleural
cavity and this usually leads to re-expansion of the lung.

2. Spontaneous pneumothorax, followed by the develop-
ment of effusion, is almost always of tuberculous origin. 1In
some cases the fluid is absorbed and the lung re-expands with
or without aspirating. If, however, the fluid turns into
tuberculous pus the prognosis becomes much more serious
and steps should be taken to cause re-expansion of the lung.
If there is no sign of re-expansion thoracoplasty should be
performed whilst the condition of the patient remains good.
The operation is also indicated if the perforation in the
visceral pleura shows no sign of healing after three months.

3. In some cases of pulmonary tuberculosis spontaneous
pneumothorax is beneficial and it is then best to keep up an
artificial pneumothorax by giving refills and so keeping the
lung collapsed.

Poisonous Gases

The effects of gassing on pulmonary tuberculosis were
brought into prominence during the war. It was thought at
first that the acute symptoms produced by the gas would

P.T. 7
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frequently be followed by tuberculosis, either by activation
of an old lesion, or by the development of tuberculosis in the
damaged lung. Such, however, is not the case, and experience
has shown that although chronic bronchitis may follow
gassing, the patients are no more liable to develop tuber-
culosis than are ordinary bronchitics. Moreover, it appears
that old lesions are not likely to be activated by gassing.
Mustard gas injures the mucous membranes and trachea,
and although causing very severe damage, does not affect
the smaller bronchi as the asphyxiating gases do. Recently
200 cases have been analysed by the Ministry of Pensions to
show the late effects of gas (8).

Of these, 9 were accepted later as pulmonary tuberculosis
due to gassing, 141 chronie bronchitis, 16 eardiac conditions,
8 neurasthenia, 16 other conditions.

Of the 9 tuberculous cases, T.B. were present in 6. In the
other 8 there was chronie bronchitis, but tuberculosis was
never proved, and did not develop. In only 2 cases did the
tuberculosis appear to be directly activated by gassing.

Bronchitis and Mixed Infections

When a patient with chronic bronchitis develops pul-
monary tuberculosis the prognosis is very grave. Inany case
a liability to bronchitis in a consumptive is a serious com-
plication and necessitates special treatment. Such patients
must be kept warm and it is harmful to try to harden them
by getting them acclimatised to cold fresh air. Climatic
treatment is indicated and the winters should be spent in a
warm, sunny distriet, where the temperature is as constant
as possible. If the patient cannot afford to go away for the
winter he should be kept in well-ventilated but warm rooms
and allowed out only when the weather is suitable,

It has been suggested that the tubercle bacillus itself is
not very harmful and that the serious symptoms in pul-
monary tuberculosis are due to superimposed infection by
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pyogenic organisms. Attempts have been made to treat
this mixed infection by anti-streptococecal, anti-pneumo-
coccal and other sera and vacecines, but with no striking
SUCCESS.

Pregnancy

Although pregnancy appears to have no harmful effects on
the course of pulmonary tuberculosis, an acute exacerbation
so frequently follows parturition that the question of ter-
minating pregnancy in the early stages often arises. There
is difference of opinion on this matter, but most agree that if
seen within the first four months, pregnancy should be ter-
minated : (1) In cases of acute tuberculosis; (2) In cases
where the woman is just holding her own. This is the usual
type, as it includes the patient who becomes pregnant soon
after leaving a sanatorium, and who still needs the very
greatest care to avoid a relapse.

In chronie fibroid cases the patient usually gets through
the confinement and remains well. If seen after the fourth
month of gestation it is often as harmful to produce abortion
as to leave the pregnancy to run to term, but it is most
important to give the patient prolonged treatment after-
wards. If she has to leave a sanatorium for the actual con-
finement, she should be readmitted as soon as possible after-
wards.

Trauma

An old lesion may become activated as a result of injury
not only to the chest, but to any part of the body. Thus after
a motor smash or other accident active tuberculosis may
occur. Tuberculosis following wounds in the war was
remarkably rare. Chest wounds and especially retained
foreign bodies did appear to have some tendency to activate
tuberculosis. Price (8) analysed 50 cases claiming pulmonary
tuberculosis as due to chest wounds received during the war.
Of these 87 (74 per cent.) had proved tuberculosis, in 29 the

iy
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injuries appearing to have been big factors in the develop-
ment of the disease, but in 8 the tuberculosis being indepen-
dent of the injuries. In the 29 cases there was not only
surface injury, but actual penetration of the lung. The
tuberculosis was either confined to the injured side or, if
bilateral, there were grounds for believing it started on the
injured side. Price found that surface injuries, unless
involving the thoracic cage and it contents, were relatively
unimportant in their relationship to the incidence of tuber-
culosis. He states that in the cases analysed, the average
length of time between the date of injury and recognition of
tuberculosis was eleven years.
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CHAPTER VI1
TREATMENT

General

Tue principles of treatment may be summarised as
follows :—

1. Attention to the general health of the patient and
treatment of troublesome symptoms and complications are
necessary at all stages.

2. During the acute periods of the disease the object of
treatment is to check the spread of the disease and for this
purpose rest is essential.

8. When the acute stage is passed the object of treat-
ment is to restore the tone of the body to its maximum
standard of fitness.

4. When the condition of the patient has been restored as
far as possible the object of treatment is so to regulate his
life that he may live and work within the limits of his
impaired capacity.

I suggested (1) a classification based on the life history of
the patient.

A. Stage of Institutional Treatment

1. Hospital Stage.—
(@) In bed, or up less than two hours a day.
(b) Up from two to six hours a day.

2. Sanatorium Stage.—
(a) Capable of less than half a day’s work.
(b) Capable of half a day’s work.
(¢) Capable of a full day’s work.

86
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B. Stage of Maximum Improvement

(1) Capable of a full day’s work.
(2*) Capable of part time work.
(3) Unable to work.
* This is the type best suited for life in some colony such
as Papworth.
C. Period of Decline

(1) Able to do some work.
(2) Unable to work.
(3) Bedridden.

When the physician first diagnoses pulmonary tuber-
culosis he classifies the patient A1 a. Whether the treat-
ment is actually given in hospital or in the patient’s private
house does not matter. Possibly the patient is found to have
an acute tuberculosis and rapidly gets worse, in which case
he would, of course, come into Class C8. On the other hand,
it may be found that he can pass quickly through Classes
Al a and Al b and become suitable for sanatorium treat-
ment. The hospital stage is, therefore, that period of the
disease during which the physician can observe the patient’s
response to treatment and can decide whether he is fit for
sanatorium or not, and if so, for which sanatorium he is best
suited. If he is not suitable he goes into Class B or Class C.
I have purposely used the terms hospital stage and sana-
torium stage because it is important to appreciate that the
true functions of hospital and sanatorium are entirely
different. The initial period of rest and observation is apt
to be overlooked. There is many a sanatorium with a hospital
side, and here patients can be treated during the acute or
febrile phases of the disease, but treatment in a sanatorium
is not the same as sanatorium treatment.

General Treatment

It is important to distinguish between treatment designed
to improve the general health and that designed to check
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the tuberculous lesion. For example, if an acute tuberculous
joint is immobilised the splint is intended to deal with the
actual disease, just as in pulmonary cases, to rest the lung by
staying in bed, or more completely by pneumothorax, is to
treat the disease. On the other hand, fresh air and regular
living are intended to improve the general health and so
indirectly affect the course of the disease. If a city worker
is sent into the country, where he has good food and can
lead a quiet regular life in the open air, his general health
will improve just as will that of the consumptive under
similar conditions. It is very important to appreciate this,
because there is a popular belief that the treatment of pul-
monary tuberculosis consists of living out-of-doors and over-
eating, and a patient is apt to think that no other treatment
is required. It is not at all uncommon to find a patient, who
has taken a few months’ holiday and lived in a country
cottage, playing golf and keeping as much in the fresh air
as possible under the impression that he is doing the best
for himself, whereas the disease steadily progresses. An
initial period of rest will usually check the activity of the
disease, and then a quiet country life may be beneficial.

Diet

Otto Walther introduced forced feeding in the treatment
of pulmonary tuberculosis, and he certainly obtained some
excellent results in his sanatorium in the Black Forest.
Tuberculosis is a deficiency disease, and he was the first to
treat it as such. At the present time it is not customary to
advocate nearly such large quantities of food, although the
value of a generous diet is well recognised. Fat people are
less liable to tuberculosis than are the thin, and in any con-
dition where there is a shortage of food (for example, the
Siege of Paris, 1870, and the Great War) the incidence of
tuberculosis increases. Vaile (1) points out that many people
will eat butter or crisp fat, such as over-cooked bacon, but
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dislike beef or mutton fat. He has collected a series of cases
from which he concludes that it is these latter fats which
protect against tuberculosis. In families where several
members are tuberculous, it certainly appears that the fat-
eaters are more resistant than the fat-shy. It is undoubtedly
a fact that, as a general rule, a gain in weight may be taken
as a good sign and a loss is often the first indication of a
breakdown. It is a mistake, however, to overfeed a patient,
and provided he reaches his normal weight and maintains it
no further gain in weight is required. The diet should con-
sist of good plain food, and as far as possible one should avoid
giving special articles of diet which the patient will not be
able to obtain when he resumes his normal life. In ordering
a diet it is necessary to take into consideration the type of
food a patient has been in the habit of taking in the past and
will have to go back to in the future.

Fat should be encouraged : mutton fat, bacon, butter,
dripping, ete., may be advised, and most patients are able
to take fat in some form or other. Milk is a good food, but
there are substitutes, and it should not be forced on those
with whom it disagrees. It is a mistake to get a patient into
such a habit of taking extra milk that he is dependent
on 1t.

Cod-liver oil is widely used and can be obtained in a
tasteless form. It contains a fat-soluble vitamin of great
potency, is very nutritious and especially useful in chronic
cases who are under weight. It is quite unnecessary to use
it as a routine, and it has been found at Midhurst Sana-
torium that patients who are taking cod-liver oil regularly
do no better than those who are not, although in special
cases its value is admitted.

It is, of course, not only useless but actually harmful to
give a patient more food than he can digest, and one often
finds a patient who begins to improve and gain weight when
the quantity of food is reduced, for he assimilates more and
loses the chronic dyspepsia produced by over-eating. A
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weak digestion may be improved by fresh air, cheerful
companionship during the meal, the inclusion in the diet of
a little appetising food, even if not in itself nutritious, such
as smoked salmon, a bitter tonic or, still better, a little
alcohol. The question of aleohol and tuberculosis is a diffi-
cult one, for the disease is very chronie, and patients are so
liable to periods of depression that the alcohol habit may
well be formed. I do not think aleohol should be used in
tuberculosis as readily as in certain acute diseases, where its
action as a food alone, apart from its other effects, renders it
a most valuable drug in helping through a crisis. Apart
from the danger of developing a habit, alcohol in modera-
tion is good. It undoubtedly assists digestion, and the addi-
tion of a glass of stout or port to the diet will often turn the
scale in favour of the patient. Some years ago the routine
treatment of pulmonary tuberculosis was rum and milk, and
I am told that patients thrived on it. As a general rule, one
would say that if patients are doing well without aleohol so
much the better because of the real danger of producing a
habit, and that spirits should be forbidden except in the case
of elderly patients who are accustomed to them. On the
other hand, one should never forget that alcohol often does
good and should not be withheld under certain conditions.

During the acute febrile stage the diet should be as
generous as is consistent with the patient’s powers of diges-
tion. Milk is often well tolerated but may lead to diarrhcea
with offensive stools, in which case a more solid diet should
be given and milk stopped.

It is in the subacute or sanatorium stage that diet is
chiefly important, for the patient is trying to regain his lost
strength and energy. Towards the end of sanatorium treat-
ment, however, extra or fancy diets should be dropped as far
as possible so that the patient may not suffer when he returns
home and has to live on an ordinary diet. Special diets have
been advocated for tuberculosis but their value is doubtful,
and although the patient should learn to eat wholesome food
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and avoid excess it is usually a mistake to encourage fads
about foods. Some diets are designed to supply calcium and
assist in calcification, or to make up for a calcium deficiency
which has been noticed in tuberculosis. It has been sug-
gested that a salt-free diet should be given as salts tend to
produce an excess of fluid in the body.

Dr. M. Gerson, of Bielefeld, Westphalia, advocates a salt-
free diet. A substance consisting of potassium, caleium and
magnesium, and which he calls ¢ mineralogen,” is substituted
for sodium chloride. Tuberculosis involves exudation and
sodium salts are excluded because they tend to hold up
liquid in the tissues. In the general wasting of tuberculosis
there is a loss of inorganie salts, and these are given to make
up the wastage, in addition to which some have a definite
diuretic action. Dr. Gerson also gives fresh uncooked food
with a high vitamin content, and 2 oz. of phosphorated cod-
liver oil daily. Carbohydrates are restricted, and there is no
overfeeding. The proportion of food is protein 90 grm.,
fat 160 grm., carbohydrate 220 grm., in a diet of 3,000
calories. It is suggested that carbohydrate favours the
spread of tuberculosis, whilst protein lessens the sensitivity
and fat raises the resistance.

Strauss (2) thinks the value of the diet is solely due to the
limitation of sodium salts. Professor F. Sauerbruch sent his
assistant, Dr. A. Herrmannsdorfer, to investigate Dr. Gerson’s
treatment, and a report was issued in which the value of the
diet was emphasised. Professor Sauerbruch has employed
this treatment extensively for cases of bone and joint tuber-
culosis and lupus. Special kitchens have been made in some
German hospitals in order that the food may be properly
prepared and salt avoided in the cooking. There are, how-
ever, two practical objections to it. In the first place it is
very expensive, and secondly impairment of the appetite is
very common amongst the tuberculous. Many patients have
to be tempted with dainties, and would find it impossible to
take such a diet.
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Mayer and Kugelmass (8) describe the result of treating
20 patients for six months at Saranac with a salt-free diet
rich in fats and vitamins, but low protein and carbohydrates.
They were all cases of advanced pulmonary tuberculosis, and
were losing ground under ordinary sanatorium treatment.
After six months, 8 had gained weight, 10 had less sputum,
though tubercle bacilli were still present, 4 became apyrexial,
8 showed fewer physical signs, 3 had enteritis ; of these 2 lost
their symptoms, and the other remained unchanged. Two
developed pyrexia during the treatment.

It is necessary to stimulate the appetite in certain patients,
especially those with advanced disease. In these cases there
is usually an accumulation of mucus in the stomach, and
30 gr. of sodium bicarbonate in half a tumbler of hot water
taken the last thing at night and the first thing in the morning
will often give relief. As there is a deficiency of acid in most
cases, a tonic such as

Liq. Strych. Hyd. - : .= oy
Glycerine . : : . : :
Ac. Nit. Hydroch. dil. . : « Txx.
Inf. Gent. Co. ad : ; G (L EEE

should be given before meals.

Nausea is often due to cough which begins as soon as the
patient starts to eat. For this reason it is wise to make the
patient cough up as much sputum as possible as soon as he
wakes. There is usually no difficulty in doing this, and if
there is a bout of coughing it can usually be brought on by
stooping down or by change of posture. If the cough is
hard and dry, a teaspoonful of eupnine or lemon and hot
water taken before breakfast may loosen the phlegm.

Loss of appetite will often be improved by change of
environment. If, therefore, a patient is moved from one
sanatorium to another, his appetite will very often improve,
even if the food is not so good. Many will do better on
inferior food badly served than on the very best if it is not
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made to look tempting. The arrangement of the table or
tray, flowers, the quality of the plates, the way the
napkin is folded, ete., are details which go to make a big
difference.

Congenial friends or a cheerful nurse with pleasing con-
versation will often stimulate an appetite. We all know how
much nicer dinner is if our horse has won the big race. It
will be seen, therefore, that alteration of the actual diet is
not the sole, nor indeed is it the most important, way to deal
with patients who are difficult to feed.

Of course the food must be made to suit the patient. The
addition of something with a strong taste will often help the
appetite. For example, anchovy paste, pickles, onions
added to the salad, ete. Patients who can whip up an
appetite in this way are helped by a little alcohol with or
before meals. Raw meat sandwiches are very often taken
by such patients, who often get to like them, and find they
increase the appetite. Ice cream may be accepted when no
other food tempts the patient at all.

It is not always the most delicate dish that appeals to the
patient. Many who will turn from the most daintily cooked
omelette will eat with relish kippers or herrings.

Whilst it is necessary to tempt those who are very ill and
to advise a special diet under certain circumstances, it cannot
be too strongly emphasised that for the patient who is doing
well, ordinary food is best. Overfeeding is bad, and the
patient should be encouraged to get used to the type of
food he and others of his walk of life are accustomed to
talke.

Rest

If one had to rely on one method only in the treatment of
tuberculosis that method would have to be rest, for it is so
vastly more important than all the other treatments. By
resting the diseased part the lymph flow is impeded, there
is a tendency to fibrosis and the disease becomes localised.
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These changes are seen in tuberculosis of any part of the
body. The immediate improvement in a tuberculous joint
when a splint has been applied, or in acute pulmonary
tuberculosis as soon as the diseased lung has been collapsed,
is very striking. In any case of acute pulmonary tubercu-
losis an initial period of three or four months in bed is
advisable. Before going to Frimley Sanatorium patients are
admitted to Brompton Hospital, and I have found that
those who have a long preliminary course of rest in the
hospital do much better than those who go straight on to
the Sanatorium.

Jaquerod (4) insists on the necessity of a long period of rest
in order to obtain a natural cure. He points out that arti-
ficial pneumothorax, thoracoplasty and phrenic evulsion are
merely methods of giving more rest to the diseased lung, and
are often unnecessary provided a sufficient period of rest in
bed is given.

Even when a practical cure has been obtained, the import-
ance of taking life quietly should not be forgotten, especially
in these modern days. Dr. Jaquerod believes that the motor
bicycle with its vibration is specially liable to reactivate a
tuberculous lesion.

Wingfield (5) describes seven stages of rest :—

1. No physical or mental exertion allowed, the patient
being treated like one with typhoid fever.

2. Patient allowed to feed himself and talk, but still no
reading, writing or visitors.

3. Talking, reading and visitors allowed in short and
increasing periods. Still uses bed-pan and is washed.

4. More latitude in reading, writing and having visitors.
Allowed to wash face and hands himself and to sit upright
for meals.

5. Allowed to sit in a lounge chair for half an hour once
a day, and gradually longer. Allowed to use bedside
stool.

6. As above, but allowed to walk to lavatory.
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7. Allowed to wash out of bed and go to the bath, but to
stay in bed for the rest of the day.

It all goes well the patient may reach the last stage in
three months, and then begin a period of gentle training.

As improvement takes place the patient requires a certain
amount of exercise, and success of treatment is largely a
matter of a correct balance between rest and exercise.
This is discussed in Chapter IX. dealing with sanatorium
treatment.

Fresh Air

The value of fresh air is discussed in the same chapter.
Although it is important at all stages of the disease, it
should be regarded as part of the general treatment and not
as a method peculiar to tuberculosis. Broadly speaking, one
may regard the value of fresh air as twofold :—

1. Those who work in the open air are, on the whole,
more healthy than those who have indoor employment,
provided they are physically fit to do their work.

2. Those who lead an open-air life (i.e., have windows
always open and avoid stuffy atmospheres) are mostly
immune to colds and catarrhal conditions. But a certain
number of people are unable to stand cold and are harmed
by a fresh-air life.

Treatment of Symptoms

Cough.—In many cases this is largely due to habit and
patients can easily be trained not to cough. In the dining-
room of any large sanatorium, where a number of con-
sumptives are gathered together, a cough is seldom
heard. Paroxysms of cough, which are due to difficulty
in bringing up sputum and are especially liable to occur
in the mornings, are often relieved by a simple mixture
such as :—
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Sod. Bicarb. . ; ; W TR X
Sod. Chlorid. . ; : i EBreY.
Sp. Chlorof. . : - ||

Aq. Anisi. ad . - : 5 oA,

in an equal part of hot water. Patients with chronic disease
who have tried many remedies often ask for this, as they
get more relief from it than from any of the more com-
plicated mixtures.

Other mixtures which help to loosen the sputum and
relieve cough are :(—

Ammon. Chlorid. . : LR or. X
Ext. Glye. Liq. : : oL
Glycerin . ; : : : Hz=x
Aq.ad . : : . SRS
or,

Pot. Tod. . . ; . gr. 1L
Pot. Bicarb. . . . S
Aq. Camph. ad , : U=Rs

In the case of continuous cough which interrupts sleep a
linctus should be given, such as :(—

Oxymell. Scille : : it s
Ac. Hydrocyan. dil. . . S
Morph. Acet. . : . . gr. .
Ag.ad . : : : . Bl

or, if this fails, heroin will often give relief, and the following
is a useful linctus :(—

Heroin Hydroch. . . R L
Glycerin . : : : SRl b
Syr. Picis Liq. ad . ; s

It often happens that a patient gets accustomed to a
linctus and it is then best to change it for a time. The
following preseriptions may be found useful :(—
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Bromoform . . - . M3
Terpin Hydrate : : o BT
Alcohol (90 per cent.) : S8
Heroin Hydroch., . g . BT 75
Tinct. Pruni Virg. . : ;I
Glycerin ad . : - . ik

or,
Nepenthe : g : s A=
Oxymell. Scille ; : . M=
Syr. Pruni Virg. ad . - e

Syrup Citronin, which is prepared by Messrs. Parke Davis,
will usually relieve an irritating cough.

For the useless, irritating cough, which does not produce
sputum, a lozenge will often be sufficient. The Brompton
Cough Lozenge (Trochisci Glyecyrrhize, each containing
Extract of Liquorice, gr. iii., and Anise Oil, 1) is efficacious,
and the fact that patients who have tried many other
lozenges frequently write for it shows that the patients them-
selves believe in its value. Cough is often caused by
smoking, but under these conditions many patients prefer
the cough.

Sputum.—Special treatment, such as artificial pneumo-
thorax and sanocrysin, may be indicated if there is excessive
sputum, and the quantity of sputum is often reduced if the
patient gives up smoking. If there is sputum, however, it
should be expectorated, and it is a mistake to give drugs such
as opiates to suppress it.

Night Sweats.—These occur in the early acute stages or
during an acute exacerbation in chronic disease. As the
patient improves they almost always disappear, and it is
uncommon to find them after a patient has had a few days’
rest in bed. In some cases, however, they persist and may
be so severe that the patient has to change his night clothes
two or three times during the night. In such cases the
patient should be given a tumbler of milk just before he goes
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to sleep, and if he wakes in the night he should take a little
more milk, a few biscuits or some other food. This usually
prevents night sweating, but in bad cases it may be necessary
to have a special nurse to wake the patient periodically and
give him a little warm milk. Omnopon, gr. 1, given the last
thing at night, will sometimes allow the patient to sleep
without sweating. A common remedy is a pill containing
zine oxide and belladonna, but I have found no benefit
from it.

Pyrexia.—The best treatment for fever is rest. If rest
in bed is not sufficient some further rest of the diseased part
by artificial pneumothorax, strapping the chest wall, or
some other method may succeed. It is easy to reduce the
temperature by drugs, but to do so is useless except for the
mental effect on the patient who worries about his tempera-
ture, for it will rise again as soon as the drug is discontinued.

Dyspneea.—This may be due to the extent of the pul-
monary lesion or to the cardiac condition. In some cases
when there is extensive fibrosis and the heart is much dis-
placed relief may follow surgical treatment. In a few cases
the removal of portions of two ribs thus leaving a flap will
diminish the dyspncea considerably. Relief in this case is
probably due to the fact that during inspiration a large part
of the lung is unable to expand and the force of the negative
pressure affects the thoracic organs, including the heart which
dilates. In some unilateral cases of fibrosis or obstruction
to a large bronchus the heart does appear to dilate during
inspiration. When therefore, portions of two ribs are
removed, and a flap is left, the flap is sucked in during
inspiration, thus saving the heart and relieving the dyspnaea.
Phrenic evulsion may also be performed in such cases to
relieve the dyspnoeea.

Gastro-intestinal Symptoms.—These may be due to over-
feeding and always necessitate a review of the patient’s diet.
Poor appetite and a weak digestion are very common and
sometimes the initial symptoms of pulmonary tuberculosis.

P.T. 8
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In a series of cases in which I had fractional test-meals done
I found a deficiency of hydrochlorie acid in the stomach in
the majority, and I have obtained benefit by giving before
meals a mixture containing :—

Liq. Strych. Hyd. . . v 1NN

Glycerin . ; : : . HSS,
Ae. Nit. Hydroch. dil. . Sl Egie
Inf. Gent. Co. ad . : . =8,

In most cases, however, the gastric symptoms disappear
as the patient improves, and an abundance of fresh air is
the best stimulant to the appetite. Diarrhcea may be due
to toxsemia without any uleeration of the intestine, or there
may be actual uleeration, in which case there will be blood
in the stools. In some cases, especially in the terminal
phases of the disease, the stools become very offensive and
loose, and this is usually due to the milk diet which is so
commonly ordered in these cases. If the milk is altogether
stopped and a solid diet substituted the stools will cease to
be offensive, even in the worst cases, and the diarrhcea is
usually considerably relieved. I have found no benefit from
dimol, hyd. €. cret. or other intestinal disinfectants in these
cases, nor have I obtained any results from the use of
caleium chloride given intravenously. I give calcium in these
cases, however, as good results have been reported, and I
have seen great benefit in chronie diarrheea of non-tuberculous
['.ll'lglﬂ.
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CHAPTER VIII
TREATMENT—Contd.
Medicinal

PrEpArRATIONS of gold have been used for many years
in the treatment of pulmonary tuberculosis, and sanocrysin is
the form most commonly employed at present. Sanocrysin
is a double thiosulphate of gold and sodium which was
prepared by Moéllgaard, and was believed to destroy
tubercle bacilli in vive. It is given intravenously, and is
frequently followed by a severe reaction resembling that
seen after an injection of tuberculin. At first it was
thought that sanocrysin killed a large number of tubercle
bacilli, and that the reaction was due to the endotoxins
which were consequently set free. This view was supported
by the undoubted fact that tubercle bacilli did disappear or
become very scanty in the sputum after injections of sano-
erysin. An antitoxic serum was prepared and given before
sanocrysin in order to counteract the reaction, but it proved
of very doubtful value, and has now fallen into disuse. In
1890 Koch discovered that a preparation of gold cyanide
had a bactericidal action on tubercle bacilli, but it was sub-
sequently shown that, although a dilution of 1 in 1,000,000
prevented the growth of the bacilli in culture, it required a
dilution of 1 in 25,000 to prevent their growth in serum.
In the same way the action of sanocrysin on tubercle bacilli
is affected by serum. Sweany and Wasick (1) tried the effect
of sanoerysin on tubercle bacilli that had been kept in cultures
for four years. There was blackening of the bacilli after
about twelve days in all dilutions up to 1 in 20,000. There
was complete inhibition of growth in dilutions up to 1 in

99 8—2
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200,000, partial inhibition up to 1 in 500,000, and slight
inhibition up to 1 in 1,000,000. But in a more recent strain
of bacilli some colonies grew in dilutions of 1 in 20,000. After
tubercle bacilli had been exposed for two hours to sanoerysin
as strong as 1 in 1,000 in salt solution and serum, they grew
on Petroff’s medium quite well, and even after sixty days’
exposure to 1 in 2,000 sanocrysin the culture injected into
guinea-pigs produced tuberculosis. Wright (2) found sano-
crysin 1 in 250 had no effect on tubercle bacilli in blood.
Sanocrysin may produce shock by its poisonous action on
the endothelium, but not by killing tubercle bacilli and
producing a tuberculin reaction from the endotoxins.

At first when sanocrysin was used there were some disas-
trous results. About 16 per cent. died as a direct result of
the treatment either from shock or acute metal poisoning.
Antitoxic serum was used because it was then believed that
shock was due to setting free endotoxins from killed bacilli.
It was not successful, however, and its use has now been
abandoned altogether by most physicians. As a matter of
fact, the serum did not prevent genuine tuberculin shock.
By decreasing the doses and lengthening the intervals be-
tween them these severe reactions were prevented. Professor
Faber (3) advised dosage of 0-5 grm. intravenously for the
first dose, and 1 grm. for subsequent doses, with intervals
of three days between the first two doses and five days
between the subsequent doses. If a reaction occurred he
stopped the treatment until all signs of the reaction had gone.
Smaller doses are now frequently used, but in my experience
no effect is produced by very small doses. If a reaction
occurs it is my practice to wait until all effects of it have
passed, and then to repeat the same dose. I do not increase
the dose if the previous injection has caused any reaction.
If no reactions occur 1 gradually increase the dosage up to
I grm., which I repeat three or four times. My initial dose
is 0-1 grm. ; after three days I give 0-25 grm., and then at
weekly intervals 0-5, 075 and 1 grm. A course, therefore,
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would last about six or seven weeks, and consist of 5-6 grm.
or 6-6 grm. of sanocrysin.

Some authors claim good results from very small doses,
but I have never seen any definite results with such doses.
In children or small patients, the maximum dose may be 0-5
or even 0-25, and reactions may be produced.

In patients who are acutely ill, a small dose may produce
reactions, for sanoerysin is specific for tuberculosis in the
sense that it produces an effect on a tuberculous patient with
a dose that has no effect whatever on a healthy person. In
this way it resembles tuberculin, but in both cases minute
doses are in my experience useless.,

In some acute cases I have given daily intravenous injec-
tions of 0-1 grm. sanocrysin for a week, and then after a
week’s interval repeated the course. In most cases this has
had no effect for good or bad, and in the few where improve-
ment has occurred I have not convineced myself that this was
due to the sanoerysin rather than to the rest in bed.

Dr. Clarke (4) has written a full account of the uses and
dangers of sanoerysin, and deseribes the result of treatment
in 18 cases. In common with other observers, he noticed
that the most striking effect was diminution in the quantity
of sputum and the number of tubercle bacilli found in it.
Sputum ceased altogether in 8 of his cases, was diminished
in 4, and in the rest there was no change. He writes :
“ generally one or two tubercle bacilli could be found after
prolonged search as long as any sputum was coughed up.
On the other hand, there is no doubt that the number of
bacilli tends to diminish very markedly. Two patients who
ceased to have sputum for two months relapsed. When they
began to produce sputum again tubercle bacilli in fair
numbers were present.”’

In my series of sixty I divided the cases into five groups (5).
All these patients had tubercle bacilli in the sputum before
treatment.

1. Chronic fibro-caseous. This group contained 28
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patients, and of these 19 improved, 8 remained unchanged,
and 1 appeared worse as a result of the treatment. 15 lost
tubercle bacilli from the sputum.

2. Cases where artificial pneumothorax had been induced
for disease in one lung, and after an initial improvement
relapse had oceurred owing to spread of disease in the other
lung. In this group were 10 patients ; of these 9 improved
and 1 became worse. 5 lost tubercle bacilli from the
sputum. 1

3. Cases with active tuberculosis in both lungs. The worse
lung was collapsed by artificial pneumothorax, and sano-
crysin was given for the other lung. In this group were 6
patients, of whom 5 improved and 1 remained unchanged.
4 lost tubercle bacilli from the sputum.

4. Acute pulmonary tuberculosis treated by sanocrysin
without pneumothorax. There were 18 cases in this group.
5 of them improved, and 2 became worse. In 6 the course
of the disease showed no change. Only 1 lost tuberele baeilli
from the sputum.

5. A case of spontaneous pneumothorax and 2 of pleural
effusion, with active tuberculosis in the non-compressed
lungs. In 2 of these there was no change, and 1 became
worse.

Dr. Clarke also noticed that in some of his cases there was
an eosinophilia during the treatment, but it subsided after
two or three months. In one of his cases there was an eosino-
phil count of 84 per cent. In many of his cases there was a
fall in the Arneth count after an injection of sanoerysin, but
in favourable cases the count rose after 24 to 48 hours, and
remained high for some months. Those of his cases which
did not show this fluctuation in the Arneth count did badly.

The sedimentation test is affected by sanoerysin. Dr.
Trail (6) mentions eleven cases treated with sanoecrysin
because they were not doing well and still had tuberele bacilli
in the sputum in spite of four months’ treatment. The initial
result of this treatment was a rise in sedimentation rate
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followed in satisfactory cases by a fall, which was as much
as 20 per cent. in one case. Six of the eleven cases became
T.B. negative. Dr. Heaf (7) found a similar initial improve-
ment in the sedimentation rate, but in over 75 per cent. the
rate increased again when the treatment was stopped.

The same fluctuation is seen in the vital capacity. After
a sanocrysin reaction the capacity falls, but, if the patient is
doing well under the treatment, it gradually rises and reaches
a higher level than previously. The improvement after sano-
erysin is often only temporary, and when a relapse occurs the
vital capacity will gradually fall as the disease spreads. A
steady fall in the vital capacity is often one of the earliest
indications of a relapse.

Indications.—It often happens that a patient improves
under sanatorium or other treatment, and loses all symptoms
except sputum containing tubercle bacilli. In these cases
sanocrysin is especially useful, and will frequently cause the
sputum to disappear after two or three injections, although
relapses are common. In one case a man of fifty-five had
chronie fibroid tuberculosis of seven years’ duration, and
there was X-ray evidence of cavities in both lungs, He was
afebrile, and his general condition was good, but the sputum
was loaded with tubercle bacilli. After the second injection
of sanocrysin the sputum was much lessened in quantity,
and tubercle bacilli were found with difficulty. After the
fourth injection no bacilli were found, but otherwise his
condition was quite unchanged. Two months later the
sputum again contained numerous tubercle bacilli.

Patients with chronic pulmonary tuberculosis often have
periods of comparative good health, alternating with periods
when the disease progresses. Sanocrysin does not seem to
prevent these relapses, but it does seem, in many cases, to
check an exacerbation of disease and bring about a period
of arrest. After an initial period of improvement many of
my patients relapsed, but in some this was controlled by a
second course of sanocrysin. An acute exacerbation in a
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chronic case is often checked by sanoerysin, but I have not
found much result from the treatment in the primary acute
cases.

In many patients with chronic fibro-caseous tuberculosis,
the disease slowly progresses, and in these sanocrysin may
be useful in cheeking the spread of the disease.

I have found sanoerysin very helpful in combination with
pneumothorax in the treatment of bilateral disease. There
are certain disadvantages in making a bilateral pneumo-
thorax, and I generally prefer to collapse one lung fully and
give sanocrysin to control the disease in the other. I have
now had eleven cases of this type, and eight of them im-
proved and showed no spread of disease in the uncollapsed
lungs,

The chief indications for treatment, therefore, may be
grouped under four headings :—

1. To diminish the quantity of sputum and number of
tubercle bacilli,

2. To check an acute spread of disease.

3. To treat a patient who is getting gradually worse under
other treatment,

4. To treat bilateral disease in combination with artificial
pneumothorax.

Complications.—In my series of sixty cases the following
complications were observed during the treatment :

1. Febrile reactions. These can be divided into three
groups :

First, a sudden rise of temperature, starting an hour
or less after the injection and lasting for a few hours.
There is always a feeling of malaise during the reaction,
and sometimes a rigor. This short reaction occurred in
seventeen of my cases,

Secondly, a rise of temperature which may start
equally suddenly, but which may persist for a few days,
is more severe than the first type of reaction. and is
accompanied by malaise, headache and sometimes
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vomiting. This type of reaction was seen in thirteen
cases in my series,

Thirdly, a long reaction which occurred in four of
my patients., The temperature did not begin to rise
until after the third injection of sanoerysin. The rise
was gradual, and lasted for five days or more. In one
case it lasted seventeen days, and was always accom-
panied by a slight amount of albuminuria, but with
little or no malaise.

2. Albuminuria. A very faint trace of albumin was found
in most patients, but in only twenty-three was there any
definite amount. There is a greater tendency for albu-
minuria to occur as the treatment continues, and this is one
of the reasons why I do not give more than 6-6 grm. at any
one course, After this quantity persistent albuminuria
may begin. In most of my cases the condition was very mild
and transient, and only in one case did I have to discontinue
the treatment on this account. I should advise stopping
after 5-6 grm. had been given in cases where more than the
merest trace of albumin was found in the urine. In cases
where the urea concentration test was made this was always
found to be within normal limits in spite of the albuminuria.

3. Gastro-intestinal symptoms.  Vomiting occurred
directly after the injection in thirteen of my series, and was
associated with a febrile reaction.

Looseness of the bowels was not uncommon, and a trouble-
some diarrhcea developed in two cases, but passed off in a
day or two when the treatment was discontinued. Two
patients had a mild stomatitis and eight complained of a
metallic taste.

4. Aching in the limbs and rheumatic pains were present
in seven cases. In one the joint pains lasted for several days,
and were so severe that the sanocrysin injections were stopped.

5. An erythematous rash occurred in eleven of my series,
and in three of these it was severe. In all cases where a
rash appears I now stop the treatment. In one case a mild
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rash developed, and a week after it had subsided I gave
another injection of 0-1 grm. sanoerysin, which was followed
by a severe eczematous rash. The bad cases went on to a
desquamative dermatitis, and, although in the end all did
well as regards their pulmonary condition, the complication
was by far the most serious in my series, and for this reason
I should not advise continuing the treatment or starting
another course in a patient who had developed a rash after
a previous injection.

Results of Treatment.—In all my cases the patients were
having artificial pneumothorax, rest in bed or some other
form of treatment, and it is impossible to give figures which
would be of value in forming an opinion as to the exact
results of sanoerysin treatment. If two patients treated by
sanocrysin improved considerably and eventually the sputum
cleared up altogether, but whereas one remained well the
other relapsed after a few months, it would not necessarily
mean that sanocrysin had succeeded in one case and failed
in the other. In one case the defensive forces of the body
were not able to take advantage of the check in the disease
caused by the sanoerysin and make a permanent arrest, but
the actual effect of the drug may have been exactly the
same in both cases. Relapses are very common after this
treatment, and in the majority of my patients the loss of
sputum was only temporary. There can be no question,
however, that sanocrysin does have a wvery distinct
immediate effect on most cases. I have come to the
following conclusions on the subject :—

1. Patients with chronic pulmonary tuberculosis who are
failing to improve or becoming slightly worse under simple
routine treatment do, in many cases, show a remarkable
improvement as soon as they are given sanocrysin, and the
most striking change is the diminution in the quantity of
sputum and tubercle bacilli. In most cases of chronie
pulmonary tuberculosis there are periods of quiescence and
activity. Sanocrysin seems to cut short that period of
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activity and to precipitate one of quiescence or arrest, but
it does not prevent the liability to relapse.

2. On an acute case sanoerysin often fails to produce any
effect whatsoever, but sometimes will check the spread of
the disease.

3. Sanocrysin should be regarded as a drug which, in
certain cases, aids other methods of treatment. It 1s not
a cure, and is never more than part of the treatment.

4. The dangers and complications of sanocrysin treatment
are not great provided the dosage is carefully regulated.
Large doses are dangerous and small ones useless, so that it is
necessary to adopt a medium standard of dosage.

5. Sanocrysin does not act by killing the tubercle bacilli
in vivo. It probably has two actions, one which occurs only
when sufficient has been given to produce a reaction or
shock, and this is comparable to the action of other substances,
such as T.A.B., or serum. The other, which is not con-
nected with the ordinary result of shock, consists in stimu-
lating certain parts of the body to destroy the bacilli. How
this result is produced is not known, but sanocrysin does
certainly differ from other substances so far employed in
that when given intravenously to a consumptive patient the
tubercle bacilli tend to disappear from the sputum in a very
short space of time.

There are other preparations of gold now on the market,
but although my experience of them is very limited, I have
not found any of them so good as sanocrysin. Alloerysin is
being used chiefly in Switzerland at present, and has the
advantage that it can be given intramuscularly, but I have
not seen the same results as with sanocrysin.

Solganal is another substitute, but I have found is less
satisfactory than sanocrysin. Saegler (8) describes its use.
The action of another preparation known as triphal is
described by Melion (9). At the present time, however, I
think sanocrysin is the best preparation.

Other metals have been used in the treatment of pulmonary
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tuberculosis besides gold. The intravenous injection of
copper produced results similar to sanocrysin, and certainly
did good in some cases, but the reactions were too severe, and
it has fallen into disuse. Moxey (10) describes the results of
350 patients treated by antimony, but, as with arsenic, there
1s no direct effect on the tuberculosis. Arsenic has a tonic
effect, and sodium cacodylate is an old remedy. Liquor
arsenicalis, however, is of equal value as a tonic.
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Serum.—Antituberculous serum has been used in the
attempt to counteract tuberculous toxeemia, but has had
no success. Various preparations of serum have been tried
by different workers, but, although some have reported
encouraging results, there is no real evidence that any
particular serum has produced definite benefit, and the use
of serum in tuberculosis has fallen into disuse.

As with tuberculin, if the dose of serum is increased to
the extent that it produces shock, benefit may follow. I
have, however, obtained the same result with normal horse
serum.

Fig. 12 shows a case treated with antituberculous serum.
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Fig. 12.—Temperature chart in a case of pulmonary tuberculosis
treated by injections of serum. The figures at the bottom
of the chart show the number of c.cm. of serum given on
the various days.

The patient, a girl of twenty-one, had an acute exacerbation
of pulmonary tuberculosis, and had six subcutaneous injec-
tions of the serum in 10-c.em. doses without effect. When
40 c.cm. were injected she had a reaction, followed by a
lowering of the temperature. After a second dose of 40 c.cm.
a similar reaction occurred, and a week later it was decided
to give her a third dose of 40 c.em. On this occasion,
however, when 20 c.cm. had been injected she had anaphy-
laxis, that is to say, she suddenly collapsed, stopped breath-
ing, was pulseless, lost control of her bladder and rectum,
became livid and appeared to be dead. She recovered,
however, and from that time steadily improved. The
temperature became normal, the pulse fell from 120 to 80,
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tubercle bacilli disappeared from the sputum, and six months
later she was in a sanatorium walking five miles a day.

In this case I believe the improvement was due to the
shock, and not to any specific action of the serum.

Tuberculin.—Tuberculin has been used for many years in
the treatment of tuberculosis. When it was first introduced
there was a wave of enthusiasm, and it was regarded as a
cure, The results were disappointing, however, and it
appeared to make matters worse in many cases. Opinion
began to swing to the other extreme, and tuberculin was
looked upon not only as useless, but as actually dangerous.
Since that time it has practically fallen into disuse, except
by a few disciples, some of whom are lukewarm and others
ardent in its praises. It is, however, a fact that after nearly
fifty years the believers have failed to convinee the world
that tuberculin has any real value in treatment, and even
in veterinary work it has not established its position as of
therapeutic use. The arguments in favour of tuberculin
may be summed up :—

1. Whatever may be the theories or results in animal
experiments, tuberculin has been found to do good to cases
of pulmonary tuberculosis in man.

2. Patients with incipient pulmonary tuberculosis treated
with tuberculin fail to develop the disease, and a strong
hypersensitiveness is corrected, so that after the treatment
the patients fail to react even to large doses of tuberculin.

3. Some patients who have failed to improve under
sanatorium or other treatment do improve with tuberculin.

In answer to these views it may be urged :—

1. The great majority of investigators have failed to
observe any real benefit from tuberculin. Tuberculosis tends
to cure itself, and a certain proportion of patients do get well
without any treatment at all. Most observers have failed
to convince themselves that this proportion is increased by
the use of tuberculin.

2, Patients who are hypersensitive to tuberculin do not
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necessarily develop clinical pulmonary tuberculosis. The
so-called incipient type of case is just the type that does
well under any treatment. In 1913 I collected twenty-three
cases of children who were sent to my out-patient depart-
ment at Brompton Hospital as suspected cases of tubercu-
losis and who had a positive Von Pirquet test. In 1920 all
these children were traced and all were well, yet none of
them had had any tuberculin treatment.

8. Some patients certainly do improve under tuberculin
treatment, but others do not. It is possible to find a patient
who has improved under any one treatment, though several
other treatments have failed. Pulmonary tuberculosis is a
disease that ebbs and flows. There are patients who failed
to improve with tuberculin, but became rapidly better
when it was stopped, and some other treatment started.
When a patient with acute febrile tuberculosis goes to bed
the temperature usually settles down quickly. If it does not
do so the addition of tuberculin to the treatment does not
cause it to fall. After a tuberculin reaction there is a
tendency for the temperature to fall, but the same is seen
after a reaction following non-specific protein such as T.A.B.,
or normal horse serum. In other words, the beneficial effect
of certain treatment such as rest in bed, is plain, whereas
the benefit of tuberculin is still a matter of debate.

I have seen many cases of tuberculin reaction, and in my
experience the effects soon wear off, leaving no damage
even after a severe reaction. Sometimes a serious and even
fatal flare-up of the disease may be initiated by tuberculin,
but the chances of this are remote, and it should not ocecur
if the tuberculin is properly used. Any drug is dangerous
in the hands of those who have no knowledge of its effects.
I have seen good effects follow a reaction, and shall refer to
this matter under Shock Therapy, but apart from shock or
reaction I have failed to find a single case in which tuberculin
could be clearly shown to have been of therapeutic value.

A few years ago Professor Dreyer prepared a defatted
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tuberculin, which was known as diaplyte, and this was given
a thorough trial under the auspices of the Medical Research
Council, but the hopes that were entertained for it were not
realised. Dr. Bardswell (1), after trying tuberculin at King
Edward VII. Sanatorium, Midhurst, writes : ** Collectively
the results point to the conclusion that tuberculin when
given in addition to the usual measures practised in the
sanatorium had no appreciable effect either for good or ill.”

I have formed the following conclusions regarding the
therapeutic use of tuberculin :—

1. The improvement which oceasionally follows tuberculin
reaction may be seen after shock following the injection of
other substances, such as normal horse serum, Apart from
this action tuberculin has no therapeutic value whatever,

2. An overdose of tuberculin may do considerable harm,
but it is a perfectly safe method of treatment if used by
any one with experience. The dangers of tubereulin have
been very much exaggerated, and any ill-effect is due to its
misuse, and not its use.

REFERENCE
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SHOCK 113

Shock Therapy.—When tuberculin or live tubercle bacilli
are injected into a sensitive animal there is an allergic
reaction. A reaction may also occur when certain other
substances are injected ; for example, non-specific vaccine
(such as T.A.B.), copper, gold, normal horse serum, ete. (1).
These reactions are similar to anaphylaxis. In the case of
tuberculin it requires but a small dose to produce a reaction
in those who are sensitive to it, just as a specific protein
will produce a reaction in a patient (with asthma, for
example) sensitive to it. A tuberculin or allergic reaction is
specific because it is not obtained in those who are non-
sensitive, but the reaction does produce a shock very similar
to that produced by copper or other substances, and very
similar to anaphylaxis. I must emphasise that I do not
deny that tuberculin has a specific action, and I do not
suggest shock or reaction are the only effects of a given drug
or vaccine. Sanoerysin, for example, tends far more than
other drugs to cause diminution of sputum and disappearance
of tubercle bacilli. My suggestion is that the shock by
itself does have some effect on the disease. I have already
described the case of a girl (p. 109) who had anaphylaxis
whilst antituberculous serum was being given. The following
cases will show under what various conditions a shock may
occur and prove beneficial :—

Case 1.—A man of twenty-two developed signs of pul-
monary tuberculosis early in 1921, and at the end of the year
went into a sanatorium. He then had signs of disease all
over the right lung, sputum loaded with tubercle bacilli, and
an evening temperature of 102 F. Right artificial pneumo-
thorax was started in December, 1921, but he remained ill
and febrile until May, 1922, when he had a sudden reaction
with increase of fever, and pleural effusion developed.

The sudden nature of this reaction and the fact that the
intrapleural pressure went at once from — 6 to 4 8 suggests
that a perforation of the lung had taken place. Within a
month not only did the effects of the reaction wear off, but

B.T, 8
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the temperature became normal, his whole condition gradu-
ally improved and he left the sanatorium free from symptoms
in May, 1923. The pneumothorax was kept up until May,
1924, and since then he has kept perfectly well. Now,
over six years later, he is still free from symptoms, and is
leading a normal life.

Case 2.—A woman of twenty-six with extensive signs in
the right lung, tubercle bacilli in the sputum, temperature
101 F., and signs of toxamia was being treated by artificial
pneumothorax. During the fifth refill, when 300 e.em. of
air had been introduced and the intrathoracic pressure was
— 6 — 1, she suddenly became very cyanosed, gasped for

breath and lost consciousness. She

F ol recovered in half an hour and after-
10f] wards began to improve. Fig. 138
g‘g'ﬂ\'ﬁ U VNI T[] shows the temperature. In this
og—t—====\NAl  case the improvement did not last
2 P long. She relapsed and died about

Fig. 13.—Temperature chart & YCar later.
showing the effect of pleural Case 8.—A man had a tuberculous

shock occurring at . .

sinus from the transverse process
of one of the vertebre. This showed no sign of healing, in
spite of prolonged treatment. He was having mild sunlight
treatment, and one day, after an exposure to the sun, which
was more than double the usual, he had a reaction and high
temperature, and felt that he had done himself harm. But
the sinus began to heal after this, and has shown no sign of
breaking down since.

Fig. 14 shows the temperature of a patient following only
10 c.cm. of serum. He never rallied and died in a few weeks.
This is no isolated case, and a reaction, whether specific or
not, may lead to disastrous results. For this reason most
physicians try to avoid reactions, whatever drug or vaceine
they may be using. In some of the cases I have described
a violent reaction occurred, and it does not seem to me to be
justifiable to cause such a reaction intentionally. The two
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most dreaded and fatal accidents in pneumothorax treat-
ment are pleural shock and rupture of lung, yet in Case 2
the patient had a definite period of improvement after
pleural shock, and in Case 1 the patient suddenly began to
improve and made an uninterrupted recovery after reaction
resulting from rupture of the lung.

It is not only in cases of tuberculosis that improvement
may follow shock. During the war I treated several cases
of enteric fever with intravenous injections of colloidal gold.
The injection was generally followed by a rigor, or at least a
sudden rise in the temperature, but when the initial reaction
was over the temperature would fall for a few days, and in
some cases would remain

normal. The same may be o M LAl g
seen when mercuric chloride 1] p V-\-

is given intravenously in cases :507‘ T
of toxie pneumonia or other ogh YN\
acute infections. It is diffi- =112

cult to believe that so small Fia. 14.—Chart showing the effect of
a dose of mercuric chloride as  an intra-muscular injection of
or. ¥ can have any direct 0 M- serum.

effect on the micro-organisms, and it would appear that
the result is due to the shock.

For these reasons when a patient with pulmonary tubercu-
losis is rapidly or steadily losing ground and other treatment
has failed, I think it is good treatment to increase the dose of
sanocrysin, serum, or whatever is being given until a reaction
is produced. The most striking case of improvement from
this method occurs in young patients of fourteen to eighteen
vears of age with acute pulmonary tuberculosis. It is,
however, a method that must be used with the greatest
caution, and one should always start with small doses to
avoid a severe reaction in a patient especially sensitive,

REFERENCE
(1) BurreLL, L. 8. T. * Shock Tactics in Pulmonary Tubercu-
losis,” Lancet, 1927, 1., 1212.
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Calcium.—Calcium has been advocated in the treatment
of tuberculosis, especially to control heemoptysis or diarrhcea.
Its effect is distinetly disappointing, as theoretically it should
be of great value. Not only does calcification play an impor-
tant rdle in the cure of tuberculous lesions, but there is a
calcium deficiency in the blood of tuberculous patients.
Moreover, workers in lime are notoriously free from tuber-
culosis. Half the calcium chloride injected intravenously is
excreted in the urine within three hours, and the remainder
is excreted within the first three days, so that a calcium
deficiency cannot be overcome by periodic injections of
calcium chloride. It is possible, however, to overcome the
deficiency for a time, and thus tide over a dangerous period,
as In a case of heemoptysis. Prest (1) describes a series of
cases treated with collosol caleium. He gave 0-5 c.em. hypo-
dermically at intervals of a week or longer. In a few cases
there was some reaction, but no serious complication arose.
In many patients he noted distinet improvement, such
symptoms of activity as night sweats disappearing readily
under the treatment.

Ringer and Minor (2) describe the treatment of intestinal
tuberculosis by injections of 5 to 10 c.cm. of a 5 per cent,
solution of calcium chloride. They formed the opinion that
this treatment gives great relief in cases of tuberculous
diarrhcea. When there is actual tuberculous ulceration of
the intestine it is difficult to understand how calcium can
influence the condition, for post-mortem examinations show
that the ulceration remains even after prolonged calcium
treatment. However, as these authors point out, a drug
which does good, though we know not how, is of more value
than one which fails to relieve, although in theory it should
do so.

In my experience calcium given by any method has no
definite effect on tuberculous diarrhcea. In cases of colitis
and non-tuberculous diarrhcea I have seen great benefit from
the use of caleium, and I use it in tuberculous cases, though
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so far the results in my cases have been disappointing. I have
seen improvement, but have never proved that this was in
fact due to the calcium. This type of diarrheea can usually
be controlled by diet, and if milk is withheld and a more solid
diet substituted, it is almost always much relieved if not
quite stopped.

Maendl (3) describes the results of treating 250 cases with
intravenous injections of caleium, and he notes improve-
ment and disappearance of symptoms of activity. For
ha@moptysis he gave 5 c.em. of a 10 per cent. solution of
calcium chloride intravenously, and repeated the injection
eight-hourly. The result of this treatment was very satis-
factory, and the hszmorrhage sometimes stopped with
remarkable rapidity. H. Elving (4) also found ecalecium
chloride a successful hemostatic. He gave as much as
3 grm. (20 e.cm. of 15 per cent. solution) of calcium chloride
intravenously without ill-effect, and found that the coagula-
tion rate of the blood in one case was increased from five
and a half to half a minute, and there was always a consider-
able increase.

I have given weekly subcutaneous injections of 1 c.em.
collosol ealecium to thirty sanatorium cases, and did not
observe any change which could be attributed to the treat-
ment. Most of the patients improved, as most do in a sana-
torium, but it was impossible to say from the symptoms or
course of the disease which patient had calecium and which
had not.

Given intravenously I have seen no effect execept an
occasional slight reaction such as so frequently accompanies
other drugs injected intravenously. I have tried daily
intravenous doses of 5 c.em. of a 10 per cent. solution in
acute cases without any result.

For heemoptysis calecium may well be tried. It will not, of
course, control a large hemorrhage, but it may check con-
tinuous slight bleeding, and, moreover, it is a perfectly harm-
less method of treatment.
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The parathyroids assist caleium metabolism, and para-
thyroid gr. .. given three times a day may assist the treat-
ment. Cod-liver oil or some preparation rich in vitamin D
may with advantage be combined with calecium treatment.
Ellman (5) gives a full account of ealeium metabolism and
parathyroid function,
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Cod-liver Qil.—This is an old remedy, and is still con-
sidered by some to have a specific effect on tuberculosis. It
is undoubtedly of the greatest use in certain cases, bul
should not be given as a routine. Itisrich in vitamins A and
D, and recent knowledge of vitamins and the effect of ultra-
violet light suggest an explanation of the value of cod-liver
oil in treatment. Concentrated vitamins may row be
obtained, and I have used viosterol combined with caleium
and parathyroid, but as yet I have not seen any benefit from
this treatment.

Sodium Morrhuate.—This is a sodium salt of cod-liver oil,
which has been advocated in the treatment of pulmonary
tuberculosis. It is given by subcutaneous injection in doses
of from 0-1 to 1 c.cm. of a 8 per cent. solution. In forty cases
treated at the Brompton Hospital with doses of 1 c.cm. twice
a week, I found no benefit, and there was no evidence of any
more gain in weight than occurred in similar patients not
having the treatment. I have frequently given a course of
injections to out-patients who were losing weight or doing
badly, and have found it without effect.

Dr. Jessel (1) treated seventeen male patients at Peel Hall
Pulmonary Hospital, and his conclusions were ‘ no evidence
that subcutaneous injections of a 8 per cent. solution of
sodium morrhuate in doses of 0-1 to 09 c.cm. have any
material influence upon the course of tuberculosis in the
chronic or advanced stages.”

REFERENCE
(1) JEssEL, G. Tubercle, 1925, VL., 223.



CHAPTER IX
TREATMENT—Contd.
Sanatorium

SANATORIUM treatment consists of many factors of varying
importance to the combined action of which results are due.
It may be said to have developed out of the “ open-air
therapy,” but it must be clearly understood that fresh air
is but a small part of the treatment, and so-called * sana-
torium treatment at home ” usually fails because it is not
possible to produce at home all the factors which are present
in a sanatorium. Sir J. Kingston Fowler (1), said : * The so-
called * open air > method was first systematised and carried
out in a sanatorium, and although the name is not free from
objections, I think it is better to call it the *Sanatorium
treatment *; we shall at any rate, by so doing, avoid the
risk of its being supposed that a patient with tuberculosis
of the lungs, who is merely being exposed to the open air, is
being treated according to any approved method.” It may
be said that there are two main factors in sanatorium treat-
ment : First, to teach the patient how to live under his
altered circumstances ; and, secondly, to train the body to
as high a condition of physical fitness as possible. Of the
many factors which go to make up this treatment may be
mentioned rest, exercise, fresh air, diet, routine life with
regular habits, treatment of symptoms, ete. This system of
treatment cannot be followed out except under constant
supervision, and the degree of its success is largely dependent
on the personality of the medical superintendent. Noy-
drach-in-Baden Sanatorium, in the Black Forest, was
founded by Otto Walther, a pioneer of sanatorium treat-
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ment. It was said of him that he inspired the patients with
courage and the desire to live and to work. The same may
be said of Trudeau, who started the sanatorium at Saranac
Lake. Those who say that sanatorium treatment has failed
are ignorant of the state of things before it was introduced.
They often fail to understand the type of case for which a
sanatorium is intended or are unlucky or unwise in their
choice of a sanatorium. The site of a sanatorium is important,
but of far greater importance is the medical staff, especially
the medical superintendent.

It is impossible to over-rate the value of sanatorium treat-
ment at the proper stage of the disease, and although very
few patients want to go into a sanatorium the great majority
of them settle down when there and they will admit that
they are getting treatment and management which cannot
be obtained at home. Very occasionally one finds a patient
whose temperament is such that he finds the routine too
irksome and has to leave, but this type of patient almost
always does badly. Most patients, when once they have
become accustomed to sanatorium ways, prefer to stay as
long as their treatment requires many restrictions. To them
life as an invalid at home, with brothers and sisters leading
a normal life around them, is harder than at a sanatorium
with others leading a similarly restricted life.

Dr. Wingfield (2) gives three main objectives in sanatorium
treatment :(—

1. Regaining health or resistance.
2. Consolidating this gain.
3. Education.

He points out that the best results can be obtained only
after long treatment, such as nine months or a year, although
in more advanced cases, where arrest is out of the question,
patching up can be accomplished in half or quarter of this
time. Those who have visited Swiss sanatoria must have
been impressed with the length of stay in the sanatorium of
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some of the most successful cases. It is no uncommon thing
to find a patient who has been two or more years in the
institution. The co-operation of the patient is essential,
and Dr. Wingfield says that a patient should be encouraged
to ask, *“ How well can I get ? * rather than “ How soon can
I get home?” He also emphasises the fact that treatment
should be varied according to the patient and should not be
rigidly the same for all. * What is grade 5 to an ill-developed,
elderly, emphysematous clerk may be only grade 2 to a
muscular young policeman.”

Rest 1s an important part of sanatorium life and is taken
lying on a bed or couch at stated hours, such as 12 to 1
2 to 4 and 6 to 7. In most Swiss sanatoria these rest hours
are called “ cures,” and are usually spent on couches on
the balcony. The hours of getting up and going to bed, and
the exact amount of rest taken during the day, will depend
on the condition of the patient. Exercise is also necessary,
and one of the most difficult parts of sanatorium treatment
is to judge the correct proportion of rest and exercise required
to give the best results.

At many sanatoria walking is the only form of exercise
permitted, and it is a very good rule to allow no other form
of exercise for a least two years after the disease has become
arrested. Patients should never run and should not walk
quicker than three miles an hour. Relapse is more likely to
occur from over-exercise, especially outdoor games, than
from any other cause.

For patients who have to earn their living by manual
labour a system of graduated labour may be employed when
they have finished the initial period of rest. Marcus Pater-
son (3) developed this system at Frimley Sanatorium.

It is well known that exercise is followed by a reaction in
a tuberculous patient, and Paterson believed that these
reactions, if carefully controlled by the physician ordering
the right amount of exercise, were beneficial and that the
patient was in effect being treated by his own tuberculin.
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Whether this is the true explanation or not, the results of
the treatment were very good, and many patients left the
sanatorium capable of doing a full day’s manual labour
without harm. At the present time a system of graduated
labour is employed at Frimley Sanatorium. The patients at
first keep to walking exercise, but when they are sufficiently
strong they begin a system of grade work.

Grade 1.—Carrying small gardening basket about three

miles.

Grade 2.—Carrying heavier basket the same distance.

Light painting. Potting.

Grade 3.—Hoeing and light digging. Using light roller or

hand cart.

Grade 4.—Digging and trenching with small spades.

Cross-cut sawing.
Grade 5.—Digging and trenching with full-sized tools.
Garden truck work.

No rapid work should be allowed and sudden spurts are
harmful. It is most helpful to have an ex-patient as fore-
man to supervise the working parties, for this gives great
encouragement to the patients, who see in the * cured”
foreman an example of the results of treatment. There is
undoubtedly more danger in employing graduated labour
than merely walking exercises, and the work must be super-
vised with the greatest care, but amongst the working classes
it has many advantages.

Drs. Cooper and Dow (4) describe certain exercise tests
which were employed at Frimley Sanatorium. They took
100 patients, and those who seemed likely to respond well
to treatment and to have a good ultimate prognosis they
classed as satisfactory, the others as unsatisfactory., There
were forty satisfactory and sixty unsatisfactory in their
series. The tests consisted in the effects of exercise (such as
a four-mile walk) on pulse, temperature and respiration,
They classified the results of these tests as :—

Good.—If the pulse-rate fell to within ten beats of the
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resting pulse-rate within five minutes of stopping exercise and
there was no dyspncea or rise of temperature.

Intermediate.—If the pulse-rate fell to within ten beats
of the resting pulse-rate within half an hour of stopping
exercise and there was no rise of temperature and no marked
dyspneea,

Bad.—If the pulse-rate did not fall to within ten beats of
the resting pulse-rate within half an hour. There may be a
rise of temperature and dyspncea.

The results of these tests were, in the forty satisfactory
cases :—

Good, 32-5 per cent. Intermediate, 62:5 per cent. Bad,
3 per cent.

In the sixty unsatisfactory cases the results were :—

Good, 18:3 per cent. Intermediate, 31-6 per cent., Bad,
a0 per cent.

A slight rise of temperature after exercise is not uncommon,
but it should fall to normal in ten minutes. Temperature is
the most important guide to the patient’s capacity for
exercise, but other signs, such as loss of weight, increase of
symptoms, greater sedimentation rate or falling off of vital
capacity, would suggest that a readjustment of treatment
should be considered and usually indicate that more rest is
required.

Diet.—The principles of diet have already been discussed.
Dr. Wingfield (2) is of opinion that the normal weight in
health for an individual need not be exceeded and that all
attempts at stulling or overfattening should be avoided.
None the less, food is an important part of treatment, and
one of the functions of sanatorium treatment is to educate
the patients to take regular and sufficient, though not exces-
sive, food. To assist digestion the teeth should always be
examined and treated if necessary.

Milk is often regarded as essential ; an average of 1} pints
per patient daily, § pint being taken with porridge for break-
fast, § pint at the midday meal and } pint in the evening
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may be taken as a typical sanatorium allowance. In addi-
tion, milk is generously employed for puddings, custards, ete.

At Frimley less milk is given, and patients are kept as far
as possible on a diet which they can afford to continue when
they have returned home. Extra milk or other diet is of
course ordered in special cases when required, but a patient
who can keep fit only under a diet and mode of living which
he cannot afford at home will tend to breakdown on leaving
the sanatorium. Frimley is essentially a working-class sana-
torium, and its chief object is to restore to the patient as
much eapacity for work as possible under conditions which
he ean maintain at home.

Cod-liver oil was often given as routine treatment, and it
is undoubtedly a very good food and useful tonie, but it is
not necessary in the majority of cases and it is best not to
make a patient dependent on it. When a patient has lost
much weight and wants special aid to regain it, or when the
digestion is bad or some other reason is present, extra milk,
cod-liver oil, alcohol or tonics may be helpful, or even essen-
tial, but one should never forget that the best cases are those
who can do without such extras.

Fresh Air.—Sanatorium treatment has developed out of
the open-air theory of treatment, and fresh air is undoubtedly
a very important factor in sanatorium life. I must repeat,
however, that the object of an open-air life is to tone up the
body and improve the general health and not to treat tuber-
culosis. In most cases it is easy to acquire the fresh air
habit, and it has several advantages, the chief of which are a
lessened liability to catch cold and an improved standard of
general health. People who work in the open air but spend
their evenings or leisure hours in stuffy atmospheres are
often robust as a result of their work, but the changes from
hot to cold temperatures are harmful, and bronchitis, pneu-
monia and colds are not uncommon amongst them. How-
ever, the comfort of warm rooms is such that most people
are prepared to risk the wvarious catarrhal conditions and



126 TREATMENT

prefer a few colds to living a fresh air life. For the consump-
tive, however, the risk is much greater. A little bronchitis or
even a bad cold in the head so frequently leads to renewed
activity in the tuberculous lesion that it is essential for the
patient to take all precautions against such catarrhal con-
ditions. The patients and staff in a sanatorium very rarely
catch cold, and after a time one does not feel the cold. I have
frequently heard a visitor to a sanatorium eomplain of cold ;
a common saying is, *“ I like fresh air, but cannot stand
draughts, they always give me a cold.” Perhaps they do,
but as it is impossible to enjoy life without meeting an occa-
sional draught, why not get used to them ? Of course there
are degrees of cold, and it is quite wrong to expose con-
sumptives or any one to all weathers; but overdressing,
overheated rooms and screening off the slightest current
of air do tend to make an individual soft and liable to
catarrh.

It may be said that work in the open air is good for the
general health and that, apart from this, a fresh air life (by
which I mean open windows and the avoidance of stuffy
atmospheres) is the best way to keep free from cold and
other catarrhal conditions. With regard to open-air work,
however, it should be remembered that most outdoor jobs
mean manual labour and only a few consumptives can stand
this. A delicate city clerk who, after leaving the sanatorium,
gave up his office work and got employment on a farm would
almost certainly break down with active tuberculosis, whereas
if he returned to his office the disease might remain arrested
permanently. If one bears in mind that there are people
who are not physically fit for outdoor work, one will avoid
the mistake of advising it for all consumptives, regardless of
their condition, but simply because they are tuberculous.
With regard to a fresh air life, one should also remember that
there are people who cannot stand it. The average young
patient will quickly get acclimatised to open windows and
draughts and will be all the better for it. Elderly patients,



SANATORIUM ROUTINE 127

those who are very thin or delicate or have bad circulations,
usually have to be protected from cold. It is a big mistake
to expose such people to cold whatever the state of their
tuberculosis may be, for they will do much better in warm
rooms or in a warm climate.

Recreation.—It is very important to provide as much
recreation as possible, but outdoor games are more respon-
sible for relapses than any other eause. All energetic games,
such as hockey, tennis, football, ericket, must be forbidden,
and even golf is too much for most patients. Clock golf,
putting, ecroquet, ete., may be allowed for many patients, and
such games may be used in treatment in place of gardening
or other forms of graduated labour. With regard to indoor
games, each patient should be watched and should not be
allowed to play a game which unduly excites him. Chess,
played in the evening, may lead to a sleepless night, and I
have known a patient’s pulse go from 76 to 140 at an exciting
moment in a game. In the same way many patients get
excited at cards, especially if they are playing for more
money than they are prepared to lose. If the patients are
watched it is easy to detect any harm that may follow a
particular game, but as far as possible the patients should be
allowed to chose their own recreations, and all harmless
amusements should be encouraged.

Routine.—A regular life is an essential part of the treat-
ment, and the following may be taken as a typical routine :—

8.30.—Breakfast.

9.830—12.—Rest, exercise or recreation according to
medical orders.

12—1.—Rest in recumbent position on balcony.

1.15.—Luncheon.

2—4.—Rest in recumbent position on balcony.

4.15.—Tea.

5—6.—Recreation.

6—7.—Rest in recumbent position.

7.15.—Dinner.
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8—9.30.—Recreation.

9.30.—Bed.

This routine must, of course, be varied according to the
seasons or the condition of the patient. For example, some
will require more rest and others will be able to dispense
with one or more of the rest-hours and go for walks or play
games. Smoking should be allowed, for although like every-
thing else, it is harmful in excess, it is a great comfort to many
people, and to deprive them of it only adds to their unhappi-
ness and leads to discontent. In some cases it brings on
cough and sputum, and it will often be found that sputum
disappears when a patient gives up smoking. In such cases
it should be stopped, but in the great majority of cases it
will be found beneficial rather than harmful.

Sometimes, especially after prolonged sanatorium treat-
ment, a patient becomes hypochondriacal and can think or
talk of little else but his temperature and symptoms. This
1s not unnatural in such a chronic disease, but the physician
must look out for the first signs of such a condition, as it is
apt to leave the patient a mental wreck long after the tuber-
culosis is arrested. A change of environment or a holiday
away from the sanatorium for a few weeks is often enough
to restore the patient’s balance, but if he is well enough to
work this should be advised as soon as he shows the slightest
sign of becoming hypochondriacal. Indeed, it is lack of
occupation more than anything that causes such a condition.
More consumptives relapse from play than from work, and
one can frequently see a great improvement in a patient as
soon as he gets settled in some suitable employment,

It is sometimes found that a patient who keeps perfectly
well and can do a full day’s work in a sanatorium relapses as
soon as he leaves and returns to his previous life and occupa-
tion. Such patients do very well if they can obtain work in
the institution, and in every sanatorium are to be found
ex-patients keeping fit and doing hard work as doctors,
nurses, clerks, porters, ete. Unfortunately there are not
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enough sanatorium jobs for all these patients, who form a
big group, and it is for this group that an after-care colony
is especially useful. Papworth Village Settlement was
started chiefly for this type of patient, although there is a
hospital side in the settlement and all stages of pulmonary
tuberculosis are treated. It is a growing village, and the
sales from the industries, which were under £4.000 in 1919,
exceeded £50,000 in 1927. The industries include leather-
work, trunk-making, bookbinding, upholstering, furniture
work, etc., and although the life is not suitable for all classes
it undoubtedly fills a want and enables a number of patients
to keep their health and, at the same time, to earn a modest
living. After twelve years’ experience not one of the children
brought up in the settlement has developed any form of
clinieal tuberculosis.
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CHAPTER X
TREATMENT—Contd.
Climate and Light

Climate.—A great deal of harm has been done by the
failure to appreciate that the best climate for a patient
varies according to the individual and to the stage and degree
of his disease. A patient will often have a fixed belief that
if he goes to a certain place he will be cured. One will want
South Africa, another New Zealand, another Switzerland.
One patientsaid to me, *“ They have found T.B. in my sputum,
and surely that spells Switzerland for those who can afford
it ; all I want to know is, what part of Switzerland is best ? ’
The truth is there is no place that is good for every con-
sumptive, and how a patient lives is far more important than
where he lives. Paterson (1) wrote : ** Climate, provided it is
not actually unsuitable, has little if anything to do with
treatment.”

Dr. J. A. Miller (2), discussing climate in the treatment of
pulmonary tubereulosis, points out that there is no univer-
sally ideal climate. Selection of a suitable locality, he says, is
** an individual problem for every patient, depending upon
his temperament, tastes and individual reaction to environ-
ment as well as the character of his disease.” He also says
that contentment and reasonable comfort are essential, and
that the patient must be able to afford to stay a sufficient
time and have the necessary medical supervision,

A change of environment has for centuries been considered
beneficial. Celsus (25 B.c.) wrote (the patient must): *“ Change
his climate, taking care to remove to a grosser one than that
he leaves, and therefore from Italy to Alexandria is a very
agreeable change.”

130



CLIMATE IN ENGLAND 131

Roughly it may be said that acute cases are better at home
in some institution where they can be under medical super-
vision, and any complication or development in the disease
can have the appropriate treatment. There should be good
ventilation with an abundance of fresh air, but it is not neces-
sary for the patient to be uncomfortably cold, and some
patients, especially those who are thin or have poor circu-
lation, may suffer from too much exposure to fresh air.
In this acute stage it is usually a mistake to send the
patient abroad, and he should certainly not be sent to a high
altitude. Dr. Miller (2) says: ‘“ Any change of climate
involving the fatigue of travel is contra-indicated in acute
cases with fever or haemorrhage, or in the very far advanced
and markedly debilitated cases.”

During the subacute stage there is an advantage in sending
the patient to a healthy place, and, as has already been said,
a sanatorium is indicated at this stage. I think it is best not
to send these patients abroad. The choice of an English
sanatorium should depend on the patient, and, on general
principles, a robust type of patient usually does best in a
bracing climate, whereas a delicate one may get on better
in some warmer place in the South or West of England. If
a patient finds that a certain locality does not suit him he
should be moved.

In the chronic or after-care stage the choice of climate is
usually a matter of the patient’s finaneial position. Many who
have to work get on quite well, even in the big cities, and one
must remember that there are certain advantages in living in a
city. Light work in the country—for example secretary to a
golf club in a health resort—is ideal ; but such jobs are difficult
to find, and country work usually entails hard manual labour,
which, above all, is bad for this type of patient. A city clerk
who is used to a regular sedentary life is far less likely to
break down in a city office than if he went to work on a
farm in the country, though if he had the offer of transfer to
some branch office in the country he would be wise to accept,

1j—z
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For those who do no work I should advise gravel soil
in a place protected as far as possible from rain-bearing
winds. The exact place must depend on the patient individu-
ally, and I always advise him to stay there for a few months
to see if it suits him before taking a house.

Many patients like to leave home for the winter, and, in
England, Falmouth or Torquay are suitable for those with
extensive fibrosis, or whose condition is complicated with
bronchitis. For the robust patient who can take plenty of
walking exercise St. Leonards or the East Coast is more
suitable, and for the intermediate type of case Bournemouth
or the Isle of Wight are to be preferred.

Foreign resorts are more helpful in this than in any other
stage of the disease.

Switzerland.—The climate of the Swiss Alps is most
suitable for those who have just finished the subacute or
sanatorium stage. Provided a patient is well enough to take
regular walking exercise and is moderately robust, he may
derive great benefit from spending a winter in the Alps.
The choice of a Swiss resort or sanatorium is a matter of
great importance, as they vary enormously in efficiency and
routine, so that a patient should never be sent to one unless
it is known to be satisfactory. The best months for these
resorts are November to April, and it is a mistake for a
patient to return to England before the winter is over.
One knows the great benefit which people derive from a
winter holiday in the Alps, and, of course, the consumptive
gets the same benefit, provided he is strong enough to take
advantage of the facilities offered. Many patients spend the
summer also in the Alps, but this has not the same advantage
as the winter, when the climate is certainly fascinating and
ideal for the right type of case.

Sir J. Kingston Fowler (3) writes : *° As a rule, the patients
who obtain most benefit from the change (i.e., to the Swiss
Alps) are young subjects who are fond of outdoor exereises,
such as skating, and are strong enough to take part in them,
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who, whilst in the mountains, spend the greater part of the
day in the open air, and who are determined to do all in
their power to regain their health.” He gives the following
contra-indications :—

“1. The presence of certain complications, such as
albuminuria, advanced disease of the larynx, wvalvular
disease of the heart and extensive emphysema.

2, Extreme emaciation.

“ 8. An irritable state of the nervous system with con-
stantly quickened pulse and a liability to feverish attacks.

“ 4, A decided inability to bear cold.

“ 5. To these must necessarily be added those conditions
which, as already stated, render a case unsuitable for climatic
treatment abroad.”

In this last group he would include patients with advanced
disease, who, he says, should ‘ only be allowed to travel to
places at a moderate distance.”

There is undoubtedly more temptation in the average
foreign institution than in an English one, and, although
a patient can obey rules and live a suitable life, it is easy
for him to live unwisely. The disease is a very long and
irksome one, and a number of young patients living
together are apt to get into bad habits, especially if, as
so often happens, they feel well in themselves, and
believe that because they are in Switzerland and * taking
the cure,” no other treatment or precaution is necessary.
For this reason it is important to choose the institution
from personal knowledge, and also to consider the tempera-
ment and character of the patient. Another danger is
that a patient may get a habit, so that he cannot, or thinks
he cannot, winter anywhere except in Switzerland. This
does not matter for a few well-to-do patients, but for the
majority it is impossible. In general terms one may say
that :—

1. Acute or advanced cases usually are harmed by treat-
ment in high altitudes.
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2. Subacute or sanatorium stage cases get no special
advantage, but may do well.

3. Chronic cases whose disease is nearly arrested may get
enormous benefit from a winter in Switzerland. It is an
excellent method of putting the finishing touches to a cure.

French and Ifalian Riviera,—Patients with chronic pul-
monary tuberculosis do not, as a rule, find the Riviera
suitable. There are undoubtedly many days of bright warm
sunshine, when the patient can spend most of the day out
of doors, but it becomes very chilly when the sun goes down,
and catarrhal conditions are common, If a patient has a
villa where he can have home comforts he may do very well
through the winter on the Riviera, but in the majority of
cases it is better to recommend some other place for the
winter.

Egypt and the North Coast of Africa.—Here the atmosphere
is dry and pure, and there is an abundance of sunshine. Some
places, however, are dusty, and there is a great difference
between the day and night temperature. There are many
places on the North Coast of Africa which are much prefer-
able to those on the other side of the Mediterranean, but the
physician would be well advised to recommend only those
places that he knows from personal experience.

Canary Islands.—In these islands the climate is as nearly
perfect as possible for many cases, and the only disadvantages
are that to get to them necessitates a sea voyage, and life
there is somewhat dull. This latter reason may not always
be a disadvantage.

Dr. Lucas (4) has written an interesting description of the
islands, and he gives the table on the following page, show-
ing the meteorological records from Las Palmas (Grand
Canary) during the months of October to May.

It will be seen how very equable is the climate. The
variations between the day and night temperature is never
more than 10°. At Orotava (Teneriffe) the rainfall is
slightly higher and the sunshine less than at Las Palmas,
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Oet. HNov. | Dec. Jan, Feb. |March. | April, | May.

Mean shade
temperature 71-4 | 67-6 | 64-7 | 62-3 | 639 | 63-0 | 646 | 665
Surface sea
temperature 724 | 70-1 | 67-5 | 65-9 | 651 | 65-4 | 659 | 67-3
Amount of rain

in inches : 1-06| 1-75| 1-57| 1-68| 057| 0-79| 0-40| 0-55
Sunshine in
hours . . 189 165 161 168 183 189 190 218

Meteorological records, Las Palmas, Grand Canary.

and this is said to be due to the elaborate system of irrigation
in connection with the banana industry, which requires a
generous supply. At Las Palmas is a British hospital with
private rooms available for visitors, and staffed by English
nurses. There is also a good social club, a lawn tennis club
and an eighteen-hole golf course.

Distant Health Resorts.—There are many excellent places
in Australia, New Zealand, S. Africa, America, ete., but none
of them present any special advantages which cannot be
obtained nearer home. I cannot discuss them in this book,
but may mention that most of them have bad as well as good
seasons. Some of the country round Bloemfontein, for
example, is ideal during certain months, but during others is
either a desert of dust or a bed of mud. To visit such places
during the proper season may be good, but to take a farm and
settle down is usually unwise. Again, many distant places
that sound attractive are suitable only for those who can do
hard manual work, and are quite impossible for the tuber-
culous patient who has to earn his living.

Sea Voyages.—For a patient in fair general health who
wishes to avoid the English winter a sea voyage around S.
America, S. Africa, Australia, or some such trip south, may
be a very healthy way of spending the winter. The good
food, the rest, and the opportunity for fresh air and sunshine
are all satisfactory.

In the treatment of active tuberculosis, however, a sea
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voyage 1s almost always a mistake, and more likely to do
harm than good, quite apart from the fact that the patient
may not be allowed on the ship or to land at certain ports of
call.

Before advising a patient to go abroad, it is important to
find out the laws as to the reception of consumptives in that
particular country, or he may be refused permission to land.
As these rules vary from time to time, inquiry should be made
through the Colonial or Foreign Office in each case.

Although people who, through illness or age, are liable to
become a public charge on the country are refused admission,
they are often accepted if they have private means or can
show that friends or relatives will support them. In most
cases provided the patient can support himself, he will be
allowed to have treatment or reside, but he should be warned
of the possibility of being sent home, and careful inquiries
should be made as to the laws and customs of the country
he wishes to visit.

In Jamaica consumptives are allowed to enter only if they
are visiting the Island for the purpose of treatment and have
the means to maintain themselves. In Northern and
Southern Rhodesia a permit may be obtained by a tuber-
culous patient. In some colonies and countries the laws
prohibit the landing of persons suffering from * loathsome,
contagious, communicable or dangerous diseases,” and in
others permission to land is refused if the Medieal Officer of
Health certifies that for medical reasons permission should
not be granted.

In conclusion it may be said that climate is of secondary
importance in the great majority of cases of pulmonary
tuberculosis. People get accustomed to their own home
conditions, and it is usually a mistake to send them for long
periods to a totally different climate if, after treatment, they
have to live at home again.

The ideal spot for a consumptive to live might be some
country district where there are no extremes of heat or cold
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in summer and winter, where there is protection from rain-
bearing winds and the house is on gravel soil. But even
under such conditions it is doubtful whether the patient
would have a longer expectation of life than one who chose
his home to suit his own happiness and his business and
social convenience.

For the consumptive the important question is, *“ How
shall I live ? ” not *“ Where shall I live ? ”
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Phototherapy.—Dr. Crocket (1), discussing ultra-violet ray
treatment in tuberculosis, says that rays with therapeutic
propertiecs may be divided into four classes, all electro-
magnetic and differing only in the length of wave :—

1. Those from radio-active substances, such as radium.
Here the rays are only from 0-15 to 0:015 Angstrém units.
There are three kinds, called alpha, beta and gamma. The
alpha rays do not penetrate, the beta have slight, and the
gamma considerable penetrating power.

2. Rontgen rays range from 0:15 to 12 Angstrém units,
and have many gamma rays with great penetration.

3. The so-called ultra-violet rays measure from 2,100 to
3,800 units. They lie between the luminous spectrum and
the area of Schumann and Lyman. Strictly speaking, of
course, all rays beyond the violet in the visible spectrum are
ultra-violet, which therefore include X-rays and radium.

4. Rays of the visible spectrum. These are from 38,800 to
7,600 units. The violet end of the spectrum has considerable
chemical but little heating action, and the red end has great
heating but no chemical powers.

The sun has ultra-violet rays, but none shorter than 2,900
Angstrém units, as the shorter ones are filtered out by the
smoke and moisture in the atmosphere. The purer the air,
therefore, the more ultra-violet rays are present, so that the
pure rarefied air of a mountain may contain twice the amount
of ultra-violet rays as the atmosphere of a valley. The short
rays do not penetrate as much as the longer ones, but they
are more irritating and bactericidal and are filtered out
before the longer rays. Water and snow reflect the rays,
and increase their power considerably, and for this reason
people get ** sunburnt »* so readily at the seaside. It is not
the warmth of the sun, but the chemieal action of the violet
rays which produces sunburn. The pigment protects against
the ultra-violet rays, so that when well sunburnt one can
stand much exposure to the sun without reaction.

The effect of the rays is also increased by the movement
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of the air, and hence they are not so effective if given
artificially in a room where the air is still and warm. Pro-
fessor Leonard Hill (2) emphasises the importance of cool
air passing over the skin if it is desired to get any therapeutic
effect from sunlight or artificial rays. With actual sunlight
there are other rays which assist the therapeutic action of
the ultra-violet ones.

Dr. Crocket (1) describes the following direct effects of
ultra-violet therapy :—

1. Vasodilatation and cedema of the soft tissues exposed
to the light. He points out that this relieves congestion in
internal organs, and no doubt accounts for the improvement
in the condition of the skin and the growth of hair and nails,
which are so often noted in those exposed to ultra-violet rays.

2. Sterilisation of superficial tissues. The short ultra-
violet rays are strongly bactericidal, and as these are filtered
out by impurities in the atmosphere before the long ones,
the rays of the sun have much more bactericidal effect at
high altitudes than at low ones, especially low altitudes
where there are much smoke, moisture and other impurities
in the air.

3. Relief of pain and discomfort. This is especially noted
if there is an excess of the short, and therefore more irritating,
rays, and consequently for this purpose also treatment at a
high altitude will be more effective than at a low one.

4. Pigmentation. He describes two forms of skin reaction,
an immediate transitory reddening which disappears half
an hour after exposure, and an erythema which appears
from six to ten hours after exposure, and which may go on
to severe desquamation and blistering if the exposure has
been too long. This * sunburn ” is produced only by rays
below 3,200 units. He says that although this pigmentation
is protective, it changes a white reflecting surface into a
dark light-absorbing one, and therefore favours the absorp-
tion of rays.

The rays also have an indirect effect, and are said to
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affect not only the general health, but also to cause altera-
tion in the blood chemistry.

Dr. Spence (3) made an investigation of twelve adult
tuberculous patients ; of these eight had pulmonary disease
with tubercle bacilli in the sputum. Irradiation was given
by a Hanan mercury vapour lamp of 40 units power. It
was found that the blood calcium and phosphate were not
affected by the light. The blood cholesterol, however, was
raised, the greatest rise being seen in the patients who showed
the greatest improvement clinically. In one case after ten
exposures the patient had a febrile reaction and vomited.
His blood was examined, and no change was found in the
calcium or phosphorus, but the cholesterol had fallen from
160 to 140 mg. per 100 c.ecm. of serum, and the irradiations
were discontinued.

Dr. Crocket (1) has noted a definite improvement in the
general health and mentality of the patient, and also a
reduction of blood pressure when this was high. He has
seen a fall of as much as 20 mm. Hg in the systolie pressure
as a result of light treatment.

In certain cases of surgical tuberculosis treatment by
light is undoubtedly of great value. Much depends, of
course, on the way it is given and on the experience of the
doctor in charge, but, provided it is properly administered,
one will frequently see rapid improvement of certain con-
ditions which are not amenable to other treatment, for
example, tuberculous uleeration of the fauces.

In pulmonary tuberculosis, however, the value of light
treatment is a matter of doubt. Some deny that it has any
value at all, and certainly its value, if any, is not great. It
may, moreover, do harm if carelessly employed. Many
patients with tuberculosis of the lungs get on better in
winter than summer, and any great improvement noted
when fine weather comes is more likely to be the result of
removing the feeling of depression which so often goes with
gloomy weather than to any effect of the ultra-violet rays.
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Direct exposure to sunlight or ultra-violet rays will, if
overdone, produce a shock reaction in cases of pulmonary
tuberculosis, and, although this may be harmful, it may
actually be beneficial, and, as with shock from other causes
(tuberculin, serum, vaccine, ete.), the patient’s condition
and temperature may rapidly improve after recovering from
the initial reaction. The reaction following over-exposure
to sun is very similar to that produced by tuberculin.

Dr. Mathieu (4) devotes a chapter to the effects of sun-
light on pulmonary cases. He quotes the opinions of doctors
of Leysin who have had experience of the treatment, and
also the views given at the conference at Leysin in 1910.
The general opinion was that no better results were obtained
by light therapy than by the ordinary methods of treatment,
but that properly employed it was a safe procedure. M.
Malgat obtained good results at Nice, and it was generally
noted that the general well-being of the patients was im-
proved. Dr. Rollier (5) found that patients having pul-
monary tuberculosis complicating some surgical lesion did
better than those with uncomplicated pulmonary tubercu-
losis. He saw a patient with recurrent hemoptysis who
was cured by sun treatment tried as a last resort. Many
physicians consider light treatment contra-indicated in
pulmonary cases, and Mathieu (4) quotes Dr. Jaquerod, of
Leysin, as describing the case of a patient who had never
had hemoptysis until he went for a sun cure to the Medi-
terranean coast. Dr. Jaquerod said that light treatment
did not appear to modify the results obtained by ordinary
means, and was not without danger. Dr. De Reynier, at
the same meeting, said that although he had never seen any
improvement in the local condition as shown by ausculta-
tion, and had not seen diminution of sputum or loss of
tubercle bacilli, at the same time he had never met with
hemoptysis, febrile reaction or increase of symptoms, and
thought further trial should be given to the treatment.

Dr. Burnand referred to the similarity which existed
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between the reactions following over-exposure to the sun
and those resulting from tuberculin injections. He admitted
that the general stimulant and tonie effect of heliotherapy
was unquestionable, but thought that its focal effect was
less certain. Its action depends largely on the state of the
lung, and in cases of great activity Dr. Burnand considered
it unwise to start a form of treatment capable of causing
rapid exaggeration of congestion already excessive.

Dr. Crocket (1) gives the following summary of his results
from seventy-two cases of pulmonary tuberculosis treated
with light treatment :— :

1. The general condition and the mental outlook were
improved in practieally every case.

2. The lung lesions showed fewer indications of activity.

8. The cough was relieved in 92 per cent. of the cases.
The sputum was much reduced or ceased in 54 per cent. of
the cases and in 20 per cent. was unaffected.

4. Wheezing, often indicative of congestion, is frequently
removed by light treatment.

5. The appetite was usually improved. Of the cases with
anorexia or dyspepsia 76 per cent. received definite benefit.
It is not advisable to give light treatment for one hour
before meals, as patients usually complain that it interferes
with their ability to enjoy their food.

6. Weight was not benefited as often as expected. Thirty
per cent. of the cases did not increase in weight.

7. Sleep was often greatly improved, though in nine cases
1t was apparently affected unfavourably.

He says that of these seventy-two cases improvement
oceurred in 85 per cent., whereas, apart from light treat-
ment, 67 per cent. of the patients in the same institution
improved.

Hwemoptysis occurred in four cases in the series, but Dr.
Crocket thinks that it would have occurred apart from the
treatment, and certainly it does not seem unduly frequent.
In ten cases which had been running an intermittent tempera-
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ture for several months, this subsided during the treatment.
He gives the following contra-indications :—

1. Cases of progressive disease.

2. Cases in which destruction of tissue is marked and
progressive.

3. Cases with obvious cachexia and amyloid disease, or
other toxie manifestations.

4. Cases of sepsis with pyrexia.

5. Cases of hyperthyroidism.

Dr. Trail, at Midhurst, found that the sedimentation rate
improved as the patient’s condition improved. In common
with other observers, he found a reduction in the sedimenta-
tion rate following such treatment as artificial pneumothorax
or sanocrysin injections. He found no change in the sedi-
mentation rate, however, resulting from light therapy.

Most of those who use sun or artificial light treatment try
to avoid reactions. When a reaction does occur, its result
is very similar to that following tuberculin, serum, ete.
Apart from the effect of such a reaction or shock it may be
said that light treatment in pulmonary tuberculosis probably
has no direct action either for good or bad. It has, however,
two indirect effects which may be of considerable benefit to
the patient :—

1. Light, and especially a bright sunny day, has a stimu-
lating and cheering effect on every one, including the con-
sumptive patient.

2. The mental effect of feeling something definite is being
done, and of seeing the skin gradually becoming pigmented,
added to the improved appetite and feeling of well-being
which usually goes with bright weather may assist the
patient’s recovery to a very great extent.

The method by which light acts is not clearly understood.
Some think that the action is specific, and it produces an
auto-tuberculinisation. This view is supported by the
undoubted fact that an over-exposure to the sun produces
a reaction which is very similar to that following the use of
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tubereulin, but one must not forget that the same result
can be obtained by the intravenous injection of T.A.B. or
other non-specific substances. Rollier suggests that the
pigment transforms the short-wave rays into the longer and
more penetrating ones.

It light treatment is employed in pulmonary tuberculosis
the actual sun is better than artificial light, for the other
rays besides the ultra-violet found in sunlight, ecombined
with the fresh air, play a large part in the effect. For
artificial light treatment the tungsten are lamp, or the quartz
mercury vapour, are best for ultra-violet rays, the tungsten
arc being especially rich in short-wave rays; the carbon arce
has, in addition to the violet rays, a large proportion from
the red end of the spectrum.

In order to avoid reactions it is best to start with a short
exposure of a limb, and if this produces no reaction the
length of exposure and amount of the body exposed is
gradually increased day by day. When the patient is
thoroughly bronzed it is possible for him to remain exposed
to the direct rays of the sun for hours without getting a
reaction.
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CHAPTER XI
TREATMENT—Contd.

Artificial Pneumothorax

Maxy methods of treatment and so-called cures of pul-
monary tuberculosis have been advocated, but very few
have stood the test of time. Artificial pneumothorax was
suggested on theoretical grounds more than a century ago
and now is employed all over the civilised world. It is
generally recognised by those with experience of tubercu-
losis that the basis of treatment is rest of the diseased part.
The spongy consistency and continual movement of the
lung make it easy for tuberculosis to spread, and it is not
surprising therefore to see the rapid improvement which so
often follows the induction of a pneumothorax.

The principle of the treatment is to produce lymph stasis
and to rest the lung, thus preventing spread of the disease
and allowing nature to effect a cure. As with every form of
treatment there are enthusiasts who regard pneumothorax
as the whole of the treatment, advocate it on any and every
oceasion, and think no other treatment necessary ; on the
other hand there still remain a few die-hards who deny that
it has any value at all. If one appreciates the purpose
of the treatment it is possible to avoid either of these
extreme views and to find in artificial pneumothorax one
of the most valuable and effective weapons against pul-
monary tuberculosis, and at the same time to recognise its
limitations.

Selection of Cases.—In 1922 I gave (4) certain indications
and contra-indications for artificial pneumothorax and now,
although still in general agreement with them, I advise the
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treatment more readily and am less inclined to consider
certain contra-indications.

A. In all unilateral cases of pulmonary tuberculosis
pneumothorax should be considered if :—

1. There are constant riles to be heard over an area
corresponding to two ribs and intercostal spaces or more,
with T.B. in the sputum and corroborating X-ray findings.
In such a case, if the disease was of long standing, and the
general condition or working capacity of the patient were
good (i.e., a chronic fibroid case with localised lesion), one
might consider it unnecessary to collapse the lung, but in the
majority of unilateral cases with such signs this treatment is
indicated.

2. The disease is acute. In acute disease some of the
signs are catarrhal, and clear up quickly with rest in bed,
but the danger of spread to the other lung is so great, that
in any acute febrile case with definite signs confined to one
lung it is safer to induce a pneumothorax. Plate I shows
the X-ray of a child on January 12th, 1925. She then had
harsh breath sounds at the root of the left lung and a high
intermittent temperature, but very slight cough and no
tubercle bacilli were found on examination of the sputum.,
She was admitted into hospital on February 4th, 1925, and
Plate II shows how the disease had spread. At this time
crepitations were heard over the upper part of the left lung,
and she had developed purulent sputum containing large
numbers of tubercle bacilli, Her temperature was swinging
between 98° F. and 108° F., but fortunately the condition
remained unilateral. The lung was at once collapsed, after
which the spread was stopped and she made a good recovery.
Now. November, 1930, she is alive and free from symptoms.

3. In spite of rest in bed the activity persists or improve-
ment is not satisfactory. As a common example one may
quote the patient whose condition does not become stable
and the slightest exertion, such as getting up for two hours,
causes a rise in temperature or some other symptom.
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4. The patient has to earn his living or for some reason is
unable to undergo prolonged treatment. There is no doubt
that with the affected lung collapsed a patient is able to lead
a more active life with much less risk of a breakdown than
one not so treated.

5. There is repeated or severe hemoptysis.

6. There are cavities with copious sputum.

7. There are certain complications, such as tuberculous
laryngitis. If there is actual ulceration of the intestine
pneumothorax is, of course, useless, but in many cases of
diarrhcea or other gastro-intestinal symptoms resulting
from toxwmia, the symptoms may be completely relieved
when the diseased lung is collapsed.

B. In bilateral cases the indications for inducing artificial
pneumothorax are affected by the following considerations:—

1. The disease is being treated in only one lung by uni-
lateral collapse ; if, therefore, there is any active disease in
the other lung this also must be treated. In other words, the
pneumothorax is affecting only part of the tuberculous
lesion and not the whole as in a unilateral case.

2. If one lung is much worse than the other collapse may
remove so much of the toxemia and cause so great an im-
provement in the patient’s general condition that the disease
in the better lung also improves.

3. On the other hand collapse of one lung may increase
the activity in the other. This is especially the case when
there is early acute bilateral disease.

From this it follows that artificial pneumothorax may be
considered under the same condition in bilateral as in uni-
lateral cases of pulmonary tuberculosis provided one
remembers that—

1. Treatment is directed on only part of the diseased
tissue and the other parts also require treatment.

2. Collapse of one lung may aggravate the disease in the
other.

In coming to a decision as to the wisdom of inducing

11—z
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pneumothorax in a bilateral case it is more important to
consider the degree of activity than the actual amount of
disease, as determined by physical signs, in the better lung.

Bilateral Artificial Pneumothorax.—This may be done by
two methods.

1. Producing partial collapse of both lungs at the same
time.

2. Collapsing first one lung and after allowing it to re-
expand, collapsing the other.

1. There is a large amount of reserve in lung tissue so that
life can continue even after the greater part of the lung is
destroyed. In most cases of bilateral disease there are
adhesions which prevent the lung from collapsing sufficiently
to endanger life, and it is remarkable how much collapse can
be obtained in both lungs without any apparent ill-effect on
the patient. There are, however, two great difficulties in
producing successful pneumothoraces simultaneously on
both sides. The first is that one cannot obtain complete
collapse on both sides at the same time, and it is in cases of
complete collapse that one obtains the best results. The
second is that in acute ecases, when there is considerable
disease in both lungs bilateral collapse is apt to produce so
much dyspncea that the treatment has to be stopped,
whereas in the more chronic cases with adhesions bilateral
collapse is well borne, but usually unnecessary.

The type of case where the most striking results of collapse
therapy are seen is the acute case with high fever and rapidly
spreading disease, but remaining confined to one lung. This
type of case is common in girls of about fourteen to eighteen
years, and to a somewhat less extent in boys from about
seventeen to twenty-one. Unfortunately, these cases are
almost always bilateral, and in my experience simultaneous
bilateral pneumothorax produces increasing dyspncea and
has to be stopped before the treatment has had any effect on
the spread of the disease. It might be supposed that even
a partial bilateral pneumothorax would give considerable
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rest to both lungs and so tend to do good, but in practice this
is not the case.

In more chronic bilateral cases a simultaneous collapse of
both lungs may be tried, but the results are not promising,
probably because it is possible to produce only a partial
collapse. In unilateral cases the results of those where an
efficient collapse is obtained, and those where the collapse
is incomplete, are very different, and it is not surprising
therefore to find disappointing results in bilateral cases where
only partial pneumothorax is obtained. When, however,
there is active disease in both lungs and the disease is slowly
spreading, bilateral collapse may check the rate of spread
and prolong the life of the patient. I always collapse one
lung first and watch the effect on the other, which I should
not collapse at the same time unless it showed considerable
activity which could not be checked by other means.

Sometimes it happens that during pneumothorax treatment
active disease appears in the non-treated lung and begins to
spread rapidly. Insuch a case it is often necessary to collapse
this lung without waiting for the other to re-expand.

2. I have obtained better results by collapsing first one
lung and then the other, and where possible, I prefer this
method to simultaneous bilateral collapse. In most cases
of bilateral disease requiring pneumothorax the best that can
be expected is to stop the rate of spread and leave the
patient with chronic fibroid disease.

Bilateral collapse has been practised for many years, and
Forlanini (5) had two cases which he published in 1911.

Burnand (6) induced a right artificial pneumothorax in a
patient in June, 1915. In October, the patient had lost the
tubercle bacilli from the sputum and was free from symptoms.
In April, 1918, he had influenza followed by haemoptysis and
pyrexia. In July he had tuberculous laryngitis; signs of
active disease appeared at the left apex, and tubercle bacilli
were present in the sputum. The pneumothorax treatment
was stopped and the right lung re-expanded. In January,
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1919, a left artificial pneumothorax was induced carefully,
a negative pressure being left after each refill. The patient
was very dyspneeie, but was able to get up and walk about
quietly. He died suddenly in May, 1919,

Burnand’s second case was a patient for whom a left
artificial pneumothorax was induced in January, 1918. The
patient improved at once, but the symptoms returned in
October, and signs of active disease on the right side were
found. The treatment was stopped, and the right lung
became gradually worse until June, 1920, when a right
pneumothorax was induced. The dosage varied from 200
to 500 c.cm., and the intervals between each injection were
about eight days. A negative pressure was left after each
refill.  Sixteen refills were given. There was some im-
provement, but at the end of September right pleural effusion
developed, and there was much dyspncea. The heart became
very weak, and the treatment was discontinued.

In one of my patients there were extensive signs of active
disease over the left lung, and over the right lung as far as
the third rib in the mid-clavicular line in front, and the angle
of the scapula behind. She had just returned from a
sanatorium, where she had become much worse, the physical
signs having extended very rapidly. A left pneumothorax
was induced, and four refills were given. The treatment
was then stopped for seven weeks, when a right pneumo-
thorax was made and five refills given. The patient was
very dyspnceic, but there was less sputum, and the cough was
not so troublesome. The activity of the disease was checked
and the case developed into one of the chronie fibroid type,
the patient being still alive eight years later.

Saugman (7) describes seven cases in which he made a
bilateral pneumothorax. One had the left lung collapsed
from November, 1912, to July, 1913, and the right lung from
January, 1914, to June, 1915. Since then he has been in
good health and was known to be still at work in 1919, All
the other six cases died,
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The contra-indications for artificial pneumothorax are :—

1. In the absence of any of the special indications men-
tioned, pneumothorax should not be induced if the lesions
are healing under ordinary treatment and the patient can
afford the time to allow arrest to take place.

2. When there is so much adherent pleura that it is possible
to produce only a partial pneumothorax which is not suffi-
cient to rest the diseased part. Sometimes a very partial
collapse will have a beneficial effect on the disease, but if it
has no effect it is not wise to maintain it. One should
remember that a satisfactory collapse is often obtained
although physical signs, X-ray or a history of repeated
attacks of pleurisy, or even pleural effusion may suggest that
there are extensive adhesions. One should never assume
that pneumothorax is impossible until one has tried to
induce it.

3. In very advanced cases pneumothorax with the neces-
sary refills, often adds to the patient’s discomfort, and
should not be induced as a last resort when there is no hope
for the patient.

4. Patients with a highly neurotic temperament do badly
with pneumothorax as with any other treatment. I have
had to discontinue the refills owing to the mental state of
the patient.

5. It is obviously unwise to induce pneumothorax when
the tuberculosis of the lungs is a terminal phase of some
intercurrent disease. At the same time, intercurrent disease
need not of itself be a contra-indication. For example,
many patients with diabetes and tuberculosis do extra-
ordinarily well with insulin and pneumothorax. Asthma
and emphysema are not always absolute contra-indications,
although in such cases one often has to stop the treatment
owing to dyspncea, but I have known asthmatic consump-
tives successfully treated by pneumothorax.

6. Active bilateral disease is a contra-indication only if
coilapse of one lung aggravates the disease in the other and
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collapse of both lungs either simultaneously or alternately
is not feasible.

APPARATUS

There are many different kinds of apparatus designed to
induce artificial pneumothorax, and after a time the physi-
cian gets accustomed to a certain type of instrument, some
liking one and others another, but really it is a matter of
small importance as to which is used. When asked to advise
in the choice of a pneumothorax apparatus I always recom-
mend the simplest for hospital and institutional use, and
for private work the most portable. The apparatus devised
by Drs. Lillingston and Pearson and shown in Fig. 15, is
very simple and satisfactory. It consists of two bottles
A and B. A is graduated from 0 to 1,100 c.cm., and is tall
and narrow, so that the graduations are easily read. Both
bottles are fitted with rubber stoppers. A glass tube C
passes through one stopper to the bottom of bottle A and a
similar glass tube D passes through the other stopper to the
bottom of bottle B. These two tubes are connected by a
rubber tube E. Shorter glass tubes FF pass just through
both stoppers. Now if one bottle and the tubes CDE are
filled with water the water will flow into the other until it is
on the same level in the two bottles.  Air will enter through
tube F in the emptying bottle and be forced out through
tube F in the other bottle. Tube F from the graduated
bottle A is connected by a rubber tube with one limb of
a cross-shaped glass tube G. The other three limbs of this
glass tube are fitted with rubber tubes, one of which H, is
connected with the manometer, another J, is connected with
the needle and, the third K, is a short tube used only for
filling the apparatus with air.

If the tube K is clamped and the bottle B raised so that
water flows into A, the air in A will be forced out through
the needle at the end of tube J, but if J is also elamped, the
air will force down the column of liquid in the limb L of the
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manometer and the liquid in the limb M will rise. NO are
filters of sterilised cotton wool. P is a short glass tube to
act as a window in the tube J near the needle. R is a scale
by which the pressure can be read in centimetres of water.
STX are clamps. When the apparatus is not in use the open
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F1c. 15.—Lillingston and Pearson’s artificial pneumothorax apparatus.

ends of tubes J and K are closed by sterilised glass rods.
The apparatus is very simple, the bottles can easily be
cleaned and the tubing boiled. The limb of the manometer
should be long and fitted with bulbs at the tops so that the
liquid may not be forced out of M by a high positive pressure
or sucked into tube H by a negative one. I use water
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coloured with a little red ink for the manometer liquid. Mer-
cury is too heavy.

Before using the apparatus it is important to see that there
is no leak. This can easily be done by making a small
negative or positive pressure recorded on the manometer
and after clamping the tubes seeing if any air escapes.

In order to use the apparatus, bottle B is filled with 1 in
100 carbolic solution slightly coloured to make it more
visible. A little air is blown with a Higginson syringe
through F into bottle B to force the liquid through tubes
DEC into bottle A, and thus start a syphon action. When the
liquid reaches 0 in bottle A, the tubes E and K are clamped.
J 1s clamped at X so that the needle is in connection only
with the manometer. The trocar is removed from the
needle and the tap at the top turned off. Clamps S and X
are now unfastened and the end of the needle is put into a
little methylated spirit through which bubbles of air should
pass if the apparatus is working properly. Liquid should
be allowed to flow from bottle A into bottle B until its level
is equal in the two bottles, and when E is unclamped the
pressure in the tubing is atmospheric. Thus, air cannot be
forced out through the needle under pressure with the risk
of causing gas embolism. The tubing is now clamped at S
and X (T is already clamped), the needle is dried over a
spirit flame and the apparatus is ready for use. For the
initial induction of pneumothorax I use a Riviere needle,
as this has a blunt end when the troear is removed, and is
less likely to injure the visceral pleura than the pointed
Saugman needle, which I use for giving refills. I do
not think any other instrument is better than this for
hospital use ; besides being effective it is cheap and simple,
and any part that happens to get broken can easily be
replaced. For private work, however, when the instru-
ment has to be carried from place to place and taken in
trains and cars it is rather awkward and heavy, and the liquid
1s apt to spill.  Dr. Heaf (1) designed a portable apparatus
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which I have found very satisfactory. It isshownin Fig. 16,
and has the advantages of having no liquids in any part and
being light and portable. It consists of a collapsible bellows
supported by three guides and arranged so as to fall steadily
under the weight of a metal cap attached to the tubes which
slide over the three guides. The bellows hold 500 c.em. of
air and a graduated scale shows the amount of air used.
At the top of the bellows is a metal tube and tap so that they

F1a. 16.—Heaf's artificial pneumothorax apparatus.

can be filled with air or other gas, whilst at the base is an
outlet which leads the gas through a second tap and reducing
valve, and a manometer is fixed at this point in direct con-
nection with the pneumothorax needle. A simple filter is
placed between the manometer and the needle. To use
the apparatus tap B is closed and the tap A opened. The
bellows are raised by the hooked tube until the stop is reached
when tap A is closed. The reducing valve is then closed, and
the manometer adjusted to zero, When the needle is
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inserted into the pleural cavity the pressure can be read on
the manometer which is very delicate and, on opening tap
B and unscrewing the reducing valves, air will enter the
pleural eavity, its rate being regulated by the valve. The
apparatus can be taken to pieces quite easily and the inside
bellows cleaned with spirit.

Choice of Gas.—I always use air for ordinary pneumo-
thorax work not only because it is easy to get, but because
it approaches most nearly to the alveolar air and therefore
less interchange of gas takes place in the pleural cavity.
Rist and Strohl (2) concluded that there is a balance between
the gases of the pneumothorax cavity and the gases in the
venous blood. When either air or nitrogen is introduced
there follows a short period during which the total gas in
the pneumothorax cavity is increased before interchange of
gases establishes a balance. Tobiesen (8) found on analysis
N, 90 per cent., CO, 6-7 per cent., O, 3:4 per cent. in the
pneumothorax cavity whether nitrogen, carbon dioxide or
oxygen had been used at the previous refill. Oxygen is
absorbed rather more rapidly than air or nitrogen, and is
therefore the best gas to use if a rapid absorption is required,
as, for example, in certain cases of pleural effusion. It has
been used at the initial induction of pneumothorax on the
assumption that it is less likely to cause gas embolism owing
to its rapid absorption. For a similar reason carbon
dioxide, which is readily absorbed by the blood serum, has
been used. With proper technique gas embolism should
not occur and the choice of gas in this respect makes no
real difference. Helium has been tried, but was found to
have no advantages and to be absorbed as quickly as air
or nitrogen. Nitrogen is still used by some, but I think
air is better. Perhaps the American was right when he
said that the difference between the two was only a matter
of dollars.

The following tables suggest that there is no appreciable
difference in the rate of absorption between the two gases :—
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1. One of my cases having refills at three-weekly intervals.

Marchioth . —6 —0 .. 700air .. +4 + 9

gt L =6 = Lo 7500, .o BE 10
April 21st . —5—0 .. TS50N; .. 4819
May 12th . —6 —0 .. 700air .. +4 + 9
Juwe 2nd . —5-—-1 .. 700, .. 444+ 8

2. One of my cases having refills at four-weekly intervals.

April 7th oeg e . L0 alr.. 42 F12
May  Bth . =8 =8 o 1000, oo =R 1
June 2nd . =7 —8 .. 1000N,.. +2 411

s S0th . —8 —8 .. 1,000air.. <41 411

The rate of absorption varies enormously in different
individuals and, as a general rule, it is absorbed more quickly
in the early stages of pneumothorax than in the later ones.

TECHNIQUE OF INDUCING ARTIFICIAL
PNEUMOTHORAX

The mental attitude of the patient is of the greatest import-
ance. In a hospital or sanatorium where several patients
are having penumothorax treatment the immediate benefits
are so obvious to all, and the inconveniences of the refills so
slight, that patients often ask to have it and become very
disappointed and depressed if told they are unsuitable.
Nowadays it is so widely known that the majority of
patients expect that it should at least be mentioned as one
of the possibilities of treatment. There are still a few, how-
ever, who regard pneumothorax as an operation only to be
considered as a last resort or as a kind of experiment, and
who work themselves up into a state of nerves so that there
is a considerable rise of temperature on each day the refill 1s
due, even if for some reason it is not given. A little dyspnoea
becomes serious gasping for breath, relieved at once by
morphia, a little pain becomes agony and a feeling of tight-
ness in the chest may lead to most alarming symptoms of
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distress which are never seen in the patient with confidence.
On two oceasions I have had to stop the refills owing to the
mental condition of the patient. In such cases it is almost
essential for the patient to have a preliminary course of
sanatorium treatment and, after a week or so, if he does not
himself suggest pneumothorax, he will usually welcome
ather than dread the idea of it. Unfortunately this type
of patient is the one who so often refuses to go into a sana-
torium, and it may be quite impossible to get him into the
right frame of mind for any form of real treatment, though a
serious attempt should be made to influence him and gain
his confidence before starting a pneumothorax.

In any case, the procedure should not be in the nature of
a surgical operation and should be done in the patient’s
room and not in an operating theatre, although, of course,
all instruments should be boiled and the strictest precautions
taken against sepsis. It is unnecessary to make any special
preparation of the patient or to give him a preliminary dose
of morphia or sedative. In case of accidents, brandy,
pituitary extract and other stimulants should be in readiness
and hot water bottles at hand, but these precautions should
be taken without the patient’s knowledge and to him the
whole procedure should be made to a ppear no more than an
ordinary hypodermie injection.

Site of Puncture.—The site of election is the fifth inter-
costal space in the mid-axillary line. If the pleura is
adherent in this area, so that the lung will not collapse,
an attempt should be made in the sixth space in the pos-
terior axillary line and, failing this, in the seventh space, just
below and internal to the angle of the scapula. If the pleura
is adherent to all these sites, I try in the first intercostal space
below the clavicle. Should the pleura be adherent here
also, it is not necessary to make anv further attempts to
induce a pneumothorax, for with such widespread adhesions
any collapse obtained would not be sufficient to be of value.

If the skin and pleura are properly anssthetised with
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novocain and sharp needles are used, the punctures are
painless, and it is possible to make all four attempts at one
sitting. In the case of a patient who shows signs of nervous-
ness it is sometimes best to stop after the second attempt,
and to postpone the other punctures for a day or two; it
is hardly ever necessary to do this, however, and the great
majority of patients prefer to get the whole proceeding over
at one time. Only a few patients get a satisfactory collapse
after failure to produce pneumothorax at the first attempt,
and a successful collapse after a second failure is rare.

The axillary region is the site of election for making the
first attempt. Here the ribs are far apart, and there is
little muscle tissue covering the chest. Moreover, adhesions
are less likely to be found in the axilla than at other sites,
and the lung excursion is greatest.

In a case where much pleural adhesion is suspected, but
where a friction rub is heard, an attempt should be made
over the area of friction, for this indicates the absence of
adhesions. Whatever the clinical or X-ray findings, one
should never assume the presence of too many adhesions to
allow a pneumothorax, for one often obtains quite a good
collapse in the most unlikely cases. When trying to induce
a pneumothorax it is best not to puncture the pleura over a
large cavity or over an area of extensive caseation.

The patient should be arranged comfortably in bed,
supported by pillows so that the site of the puncture is
uppermost and the ribs in that region are as far apart as
possible. The area selected for puncture is then cleaned
and } c.em. of a 2 per cent. solution of novocain injected
intracutaneously so that a small lump is raised and the
skin anssthetised. The hypodermic needle is then inserted
into the middle of this lump and pushed slowly down
between the ribs, novocain being injected all the time, the
last § c.cm. against the pleura. This procedure is perfectly
painless if the needle is small and sharp. I use a Record
needle, size No. 20,
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The pneumothorax apparatus, which has previously been
got ready and tested as already described, is then arranged
at the patient’s bedside. If Lillingston and Pearson’s
apparatus is used (Fig. 15, p. 153) slips SXT are fastened so
that when the chest is punctured the pleural cavity will be
in connection only with the manometer and not also with
reservoir A. For a refill the liquid in A should stand at 0,
but for the initial induction of pneumothorax the liquid in
A should be at the same level as that in B, so that on releas-
ing clips S and X air can be sucked from A into the pleural
cavity by negative pressure, but cannot be forced in by the
rising ligquid in A.

For refills Saugman’s needle, which has a sharp point, is
satisfactory, but for the initial injection it is better to use
Riviere’s needle, which consists of a blunt-ended cannula,
through which passes a sharp-pointed trocar. In choosing
a needle I should avoid one with too small a bore, as the
movements of the manometer are not so readily registered
with small-bore needles.

For the initial induction of pneumothorax a Riviere needle
is fixed to the end of tube J and pushed gently through the
anmesthetised area of skin between the ribs and down to the
pleura. Provided the needle is sharp, this is quite simple,
and it is not necessary to make a preliminary incision of the
skin with a tenotome. On reaching the pleura the trocar
is withdrawn, the tap at the top of the needle turned off.
The blunt end of the cannula is then gently pushed through
the parietal pleura, and when it is in the pleural cavity the
manometer will show a negative pressure with oscillations
corresponding to inspiration and expiration. At this
stage the patient must keep absolutely quiet and the needle
be held perfectly steady or it is liable to slip out of the pleural
cavity. When, from the oscillations, it is certain that the
needle 1s between the visceral and parietal layers of pleura,
clips 5 and X are unfastened and about 50 c.em. of air
allowed to be sucked into the pleural cavity ; this allows a
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small air space to collect round the needle since the patient
has been so arranged that the site of puncture is uppermost.
If the manometer still shows a negative pressure with
oscillations, it is now safe to raise bottle B and allow some
300 c.cm. of air to enter the pleural cavity. The readings
of the manometer are then noted and the needle withdrawn.
The exact quantity of air which is introduced will depend
on the intrapleural pressure, but for the initial injection
300 c.cm. may be taken as a good average as it is not enough
to cause a reaction and yet sufficient to leave an air space
which lasts until the first refill on the following day. It is
best not to put any dressing over the small puncture which
will heal without leaving a scar.

Sometimes when the needle enters the pleural cavity
there is registered a negative pressure, but the oscillations
soon stop. This is because the visceral layer of pleura tends
to obstruct the end of the cannula. At first the small
quantity of air in the needle and tubing is sucked into the
pleural cavity, producing a bubble, but as this spreads away,
the viscera pleura blocks the end of the cannula. It some-
times happens that during inspiration the pressure becomes
more negative, but during expiration the visceral pleura
blocks the end of the eannula, so that there is a valve action
which practically makes the manometer a minimum pressure
one.

If the lung is punctured by the needle, air may escape from
the alveoli and produce an air space so that oscillations occur
as in an ordinary artificial pneumothorax. These small
punctures soon heal and, as a rule, do no harm, but they are
especially liable to occur if a sharp needle is used for the
initial injection.

When the needle enters the lung or a bronchus or cavity
there may be oscillations registering a negative pressure
during inspiration and a positive one during expiration,
but with the mean pressure at zero. If air is introduced
it will not affect the pressure in such a case, and I have seen

BT 12
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one where 2,000 c.em. of air were injected and yet the
oscillations of the manometer ranged a point or so above
and below zero, because, of course, the air was not entering
the pleural cavity, but escaping through the bronchi,

Should the needle pierce the diaphragm and enter the
abdominal cavity the oscillations will be inverse : that is
to say, a low pressure will be registered with expiration and
a higher one with inspiration.

Sometimes the manometer registers a positive pressure
which becomes gradually higher. This may be due to
the needle being in a blood vessel, when blood will pass up
the tubing and be seen through the glass tube P. It is
in such a case that there is a danger of gas embolism if air
is forced in under pressure. I have had cases where the
needle has entered a large vessel or the heart, and blood has
rushed up the tubing, but no ill effects have followed.

Refills.—It is on careful spacing of the refills and giving
the correct quantity of gas that success or failure of pneumo-
thorax treatment depends. When a lung is collapsed no
special skill is required to put a needle into the pleural cavity
and inject gas, but it requires considerable experience to
judge how much to give and when to give it.

A common mistake is to give a definite quantity of gas at
fixed intervals regardless of the fact that the right amount
varies as treatment proceeds, so that a patient may require
more gas at one time and less at another.

Another mistake is to leave too long an interval between
the refills so that the lung re-expands sufficiently for the
visceral pleura to come in contact with the parietal pleura and
to become adherent in places. Firm adhesion may oceur in
three days or less, and no amount of intrapleural pressure
will separate the adherent surfaces. Even at operation it is
often found impossible to do so without tearing the lung, so
firm are the adhesions. The process gradually spreads until
the whole of the pleura becomes adherent and the pneumo-
thorax ecavity obliterated (10) in spite of maintaining high
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intrapleural pressures or injecting gomenol into the pleural
cavity. Dr. Lillingston (15) describes a case in which the
refills were being given once a month, but were left once for
an extra two weeks, when it was found that 300 c.em. of gas
caused a pressure of +8. Frequent refills were given and
the pressure taken to 16, but the pneumothorax cavity
became obliterated. Sometimes one wants the lung to
expand in this way and a process of gradual obliteration of
the pneumothorax cavity with subsequent fibrosis is often
a satisfactory termination of the treatment, but if it is desired
to maintain a pneumothorax it is of the utmost importance
to prevent the visceral and parietal pleura from coming into
contact with each other.

Perhaps the most common mistake is to maintain the
wrong degree of collapse. Some patients do best with a very
partial collapse, and if this is increased they begin to get
thin, develop dyspncea and lose ground. Others fail to
improve until a complete collapse is obtained and large
and frequent refills are given. Some of my best cases had
regular refills of over 1,000 c.cm. with full collapse of lung
and often considerable displacement of the mediastinum.
In the majority of cases, however, small refills are more
suitable, and I rarely give more than 800 c.cm. for the initial
injection. The first refill should be given twenty-four hours
later, and subsequent small refills every few days, so that the
desired collapse is obtained in about a fortnight. The follow-
ing may be taken as typical examples of the first few refills :—

1. July 18th . — 6 — 4 300 c.om. — 5 — 2
ROt e 400 =5

e OHCERN e S g 500 , — o —. 1

S SRR R e 500 ,, — e T

. 27th . — 4 — 2 500 , — 2 —0

,, 3lst el = 500 N
August5th . — 4 — 2 600 |, + 1 4 4

e IatRG L e 600 o s ol g

oo 22nde . e B o 600, S g

lé—3
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2. February 2nd. —14 —10 300 c.em. —10 — 4
o 8rd. —12 — 8 400 ,, — 8 — 2

TR . A e 450 ,, il

o iBthed) Eip=io 500 ,, =g Ll

Lo A9EhL T AR 600 ., AU R

o Bt g =0 650 o g

R [ 600 . S aedeg

March 4th . —2 41 600 ., L 4 =g

All pressures are centimetres of water.

Yet another mistake is to leave too long an interval
between refills in a patient when the gas is quickly absorbed.
In such a case there is considerable re-expansion of lung
between the refills, and instead of keeping the lung at rest
(which after all is the main object of the treatment) it is
alternately collapsed and expanded. I have spoken of this
as the concertina type of case, and, to keep the lung steadily
collapsed, small refills should be given sometimes as fre-
quently as every other day. The following is an example of
faulty intervals between refills : a patient who had been
under treatment by artificial pneumothorax for two and a
half years was having 1,500 c.cm. of air every five weeks.
At the end of this time, however, the lung had eompletely
re-expanded. It was found that 600 c.cm. left a pressure of
—6, but caused a good collapse which lasted for a fortnight,
when the lung began to re-expand quickly. To keep the
lung at rest, therefore, 600 c.em. of air should have been
given every two weeks,

When, at the end of about a fortnight, the optimum degree
of collapse has been obtained, refills should be regulated
according to the rate of absorption of gas and the condition
of the patient, and it must be remembered that even in the
same individual the intervals between refills and the correct
quantity of air required vary as the treatment proceeds. By
optimum degree of collapse is meant that which best suits
the particular patient ; some do best with a very partial and
others with a complete collapse. The next thing to discover
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is how long this optimum degree of collapse will last without
a refill, and this can be done by watching the degree of re-
expansion of lung by X-ray, and by observing any return of
symptoms.

If, after a refill leaving the interapleural pressure at —2,
the patient is free from symptoms, but with any further
collapse he does not do so well and begins to lose weight or
have dyspncea, we may regard —2 as the maximum pressure
which should be reached for that patient at that stage of the
treatment.

In the same way the minimum pressure may be found, a
lower one producing a return of symptoms or failure to give
sufficient rest to the lung. Suppose —12 is the minimum
pressure, then in this case the optimum degree of collapse is
that which exists between —2 and —12. The refills and the
quantity of gas required can be arranged accordingly. Itis
well to watch the lung by X-ray screen at frequent intervals
in the early stages of treatment to see that there is not sufli-
cient re-expansion to cause danger of adherence of the pleura.

Adhesions may prevent a satisfactory collapse and lead to
high intrapleural pressures after only a small quantity of air
has been given. If it is decided to go on with the treatment,
and try to stretch the adhesions, small frequent refills are
better than large ones at longer intervals. High intra-
pleural pressures in such cases are useless when the adhesions
are firm, and dangerous when they may be stretched, but
are also liable to rupture. Moreover, a high pressure is very
quickly reduced, as shown in the following cases :—

Intrapleural pressure. Six hours later.
1. +18 30 . =1 85
2. +12 20 ‘e 0 46
3. 422 128 .o +1 40

If high pressures arve obtained it is quite common for a
little surgical emphysema to develop around the site of punc-
ture from escapes of the gas, and this, of course, also lowers
the intrapleural pressure.
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When fluid develops during pneumothorax treatment the
gas 1s less quickly absorbed, and the weight of the effusion
empties the alveoli completely of air, so that the lung is often
collapsed for a long period without a refill. It is important,
however, to keep these cases under careful observation, for
adhesions are liable to form under the fluid and to draw out
the base of the lung, thus starting a process of obliteration
of the pneumothorax cavity. To prevent this the fluid should
be removed or replaced with air if there are any signs of
re-expansion at the base of the lung.

In a straightforward case, therefore, it may be said :—

1. That the lung should be allowed to collapse gradually.

2. That when it has been collapsed the optimum pressures
should be determined for each individual case and thus correct
dosage of gas and intervals between refills ascertained.

3. That the patient must be kept under careful supervision
not only because the rate of absorption tends to vary as time
passes, but also it may be affected by such complications as
spread of adhesions, pleural effusion, ete.

Duration of Treatment.—Professor Saugman (7) wrote :
" The pneumothorax being complete I now normally let the
patient be treated for about five years. If then all is normal,
and if he wishes it, I let the pneumothorax close, choosing
the summer season to allow the lung to re-expand, for the
first months, observing the patient very closely, if possible
in the sanatorium ; and no sooner do symptoms of relapse
in the treated lung appear than I renew the injection of gas,
but only in a very few cases have I seen reason to do so.”
He gives the following table :—

Of forty-three patients discharged 1907-1917, and at work
in 1919, compression lasted—

$ year in 1 case. 4 to 5 years in 2 cases,
$ .. . 2 cases. dto6 ,, ,, 1 case.
1 to 2 years 1n 11 cases. i 3 S

L VgL A GRERRTR, [ GRS Unknown in 1 case.

3 to 4 TR 7 T
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Vere Pearson (9) states that in his opinion the compression
should be kept up for at least three years if it is to be effec-
tive. He would continue treatment with an occasional
refill for a further eighteen months if :—

1. The patient is over thirty-three years of age and has lost
the resilience and recuperative powers of youth.

2, The compressed lung has a fairly useless one before
the initial injection, and if in addition it was producing
chronie poisoning.

3. Things are going well during the maintenance of the
collapse.

In a large number of cases the termination of the treatment
is settled by various factors such as obliteration of the cavity
by adherent pleura, development of active disease in the
other lung, ete.

If, however, the patient is doing well and keeping free from
symptoms and at work I think the collapse should be main-
tained for three years and then the lung allowed to expand
gradually during the summer. Before allowing complete re-
expansion I give two or three refills at long intervals, using
only sufficient gas to prevent the visceral and parietal layers
of pleura from coming into contact, for by this means it 1s
possible to re-collapse the lung fully should a return of symp-
toms make this advisable.

In cases where there are many adhesions but sufficient
collapse to relieve the symptoms, the refills should be kept up
whilst the pneumothorax cavity is contracting as long as they
are doing good, but when the amount of collapse is so small
that it has no effect on the symptoms, the refills should be
stopped.

Selective Collapse.—Plate XXV shows a lung with good
collapse at the apex except where the lung is slightly drawn
out by an adhesion going to the axilla. The base is sulfi-
ciently collapsed to keep the lung from the chest wall, but is
more expanded than the apex. This condition is known as
selective collapse, and it has been found that collapse tends



168 ARTIFICIAL PNEUMOTHORAX

to occur in the diseased rather than in the healthy parts of
the lung.

Plate XXVI shows the same case twenty-two months
later when the right lung has completely expanded but
disease has broken out in the left lung and chiefly at the base.

Plate XXVII, taken three months later, shows that on
producing a left pneumothorax it is the base that is chiefly
collapsed.

Plate XXVIII shows the complete collapse of lung which
resulted from the development of an effusion.

It was suggested by Dr. Parry Morgan (11) that a partial
pneumothorax would produce the same results as a complete
one by resting the diseased part ; he pointed out that during
inspiration the normal parts of the lung expand against the
chest wall, so that a small quantity of air in the pleural
cavity would tend to collect over the less expansile or
diseased portions. Some hold the opposite view that the
normal parts of the lung collapse more readily. In practice
the matter is generally complicated by adhesions which are
especially to be found over the diseased parts, but there is no
doubt that in the absence of adhesions a small quantity of
gas introduced into the pleural cavity does tend to collect
over the diseased area, and that if a complete pneumothorax
is produced the normal portions of lung re-expand more
readily than the others when refills are stopped.

In America, Barlow and Kramer (12) have practised selec-
tive collapse with good results, and claim that it does not
affect the other lung or cause any reaction.

Dr. Riviere (13), after a fair trial of it, was not able to
record any very striking results. He pointed out that there
are several difficulties and disappointments in connection
with partial collapse.

Firstly, success depends on a free pleura over the diseased
area.

Secondly, even if a selective collapse is obtained, it is very
difficult to maintain it at the same amount, and even X-ray



PLATE XXV

Goop Arical CoLLAPSE, BUT ParTiarn Exraxsion or Lower ZOXNE.

[To face p. 163,



PLATE XXVI

SAME AS PLATE XXV Two YEARS LATER. RIGHT LUNG HAS RE-EXPANDED,

EUT DISEASE HAS DEVELOPED IN THE LEFT LUNG, CHIEFLY AT THE BASE.



PLATE XXVII

SAME Case TAKEN THREE MoxTHS AFTER PLATE X XVI AND SHOWING THAT
THE (COLLAPSE IS CHIEFLY OF THE DISEASED AREA, NAMELY THE BASE.

[To face p. 168,



PLATE XXVIII

SAME (JASE. A SMALL EFFUSION HAS DEVELOPED, AND THE LUNG IS XOW
COMPLETELY COLLAPSED, WHEREAS BEFORE THE EFFUSION IT WAS ONLY
THE DISEASED BASAL AREA THAT COLLAPSED (Prate XXVII), axp THE
DISEASED APICAL AREA (PraTe XXV).
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examination may be misleading, for the gas so often lies in
front of or behind the lung instead of around it.

Thirdly, the treatment is almost always affected by
reactions following the refills. He remarks that although
in his experience those reactions constitute the main trouble
in selective collapse they are not referred to by those who
advocate the treatment.

Fourthly, the refills have to be small and frequent and
therefore much time has to be expended on each individual
case. * Fifteen such cases will take up the entire time of
anyone,” said Nathan Barlow.

In my experience, a partial or selective collapse may be
useful in bilateral cases when it is obtained on both sides at
once, but as already explained (p. 149) I usually prefer to
collapse the two sides alternately and not simultaneously.
Moreover, in bilateral cases it is very rare to find the affected
areas free from adhesions on both sides of the chest.

In the acute type of case, which is so common in children
about puberty, I had great hopes from selective collapse, but
was disappointed, for the disease is usually too scattered for
a satisfactory collapse of part of the lung to be of value, and
as full a collapse as possible should be obtained in such cases.
With regard to the ordinary apical unilateral case I think a
complete collapse is safer than a partial one, not only because
it tends to prevent spread of disease in the healthy part of the
lung, but because in partial collapse adhesions commonly
form below and around the collapsed part, so that it is
impossible subsequently to produce a complete pneumo-
thorax even if it is desired to do so. I quite admit that in
certain cases where only a partial collapse was possible owing
to adhesions, good results were obtained, but in my series
of cases far better results followed full collapse of the
lung, and I think this should always be obtained when
possible.

Intrapleural Pressure.—Intrapleural pressure is measured
by the manometer. Water is generally used, as mercury
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is too heavy, but some physicians use spirit, which gives
large oscillations. All pressures given in this book are
centimetres of water.

The size of the needle is important, as the oscillations of the
manometer are not well shown if too small a needle is used.
If two needles (one being a large pneumothorax needle
and the other a small hypodermic one) connected with the
manometer by means of rubber tubes and a T-shaped glass
rod are put into a distended rubber bladder, it will be found
that the pressure registered through the small needle is the
same as that registered through the large one, but it takes
longer to register through the small needle. By giving the
bladder little taps, the manometer shows good oscillations
il connected through the large needle, but hardly any move-
ment if connected through the small one. Similarly, it
will be found that if the liquid in one bottle of the pneu-
mothorax apparatus is higher than the liquid in the other
and the outlets are stopped, the column of water in the mano-
meter will show the pressure, and it will be the same whether
the tube to the manometer is fully patent or partially
obstructed, but it will take longer for the pressure to be
registered if the tube is partially obstructed. It is very
important that the respiratory oscillations should be well
shown, and for this reason the bore of the needle should be at
least 1-2 mm.

Normally the intrapleural pressure is negative owing to
the elasticity of the lungs and becomes more negative during
inspiration. The difference of pressure between full inspira-
tion and full expiration varies in different patients, but it is
often considerable and, of course, is la rgely dependent on the
depth of respiration.

Posture has a big effect on intrapleural pressure (14)
and this should always be borne in mind when giving a
refill to a strange patient, and he should be put in the same
position for the refill as previously. Some physicians give
refills with the patient sitting on a chair, others with him
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lying flat on his back, and others with him lying completely
or partially on one side. If one has a record of previous
refills it is usually possible to tell in what position they were
given by putting a needle into the pleural cavity and moving
the patient until the usual pressure is found.

If the patient lies on the pneumothorax side, the weight
of the viscera will render the pressure in the pneumothorax
cavity higher than if he lies on the healthy side. In one of
my cases the pressure was —4 -+2 with the patient lying on
the left (pneumothorax) side, but —10 —0 when lying on
the healthy side. After a refill of 450 c.cm. the pressures
were +1 +3 and —5 +2, respectively. In other words,
when this patient was lying on the healthy side he could
raise the pressure in the pneumothorax cavity as much by
turning on to the treated side as by having a refill of 450
c.em. It is possible, therefore, to use posture if we wish to
stretch adhesions, for by making the patient lie on the healthy
side there will be a continual drag on the adherent surfaces.
Posture will, of course, have a greater effect if the
mediastinum is freely movable and if the lung is not bound
to the chest wall by adhesions.

The intrapleural pressure is sometimes lowered by shifting
of the mediastinum, and this may occur suddenly. With
a very movable mediastinum it is often difficult and
sometimes impossible to obtain a good collapse of the lung
without displacing the mediastinum and producing symptoms
by interfering with the function of the other lung and
heart.

Rupture of a pleural adhesion sometimes occurs, and this
may affect the intrapleural pressure.

As air is allowed to enter the pleural cavity, the pressure
approaches that of the atmosphere, and then if more air
is forced in to compress the lung the pressure becomes
positive.

The following table shows how the intrapleural pressure
rises as air is introduced :—
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Case 1, Case 2, Case 2.
Initial Initial TPhree Months
Operation. Operation. Later.
Initial pressure . —14 —12 —7 —5 — 3 — 0
After 100 c.em. air. —10 — 9 —7 —2 — B —10
s 200 . 40 =10 = 8 —7 —2 — 2 + 2
900 ,. .. — B — § —6 —2 + 0 + 2
s 400, .. — 8 — @ —6 —1 + 1 4+ 4
st GOEME e §r + 2 4+ 5
YRR | | R + 4 4 7
G I A A ST
T S0 R + 8 +11
42900 g aea 410 18
Case 3. Casze 4.
Refill, Refill.
Initial pressure . . —12 —8 —6 — 0
After 600 c.em.air . — 8 —0 —
i TOD:. sy » 22— 2 —0 —
i 800 s - + 2 42 —2 4+ 4
o L oG o e TR e
NS . AR S e +2 +10
AT i +4 410
5 L.2D0 G F6 11

In these four cases collapse was not interfered with by
adhesions. If adhesions or pleural effusion reduce the size
of the pneumothorax cavity, it will sometimes be found
that there is a considerable negative pressure at first,
but that it rapidly changes. For instance, in one of
my cases in which the pneumothorax cavity was gradu-
ally becoming obliterated by the spreading of the pleural
adhesions, a negative pressure of —24 —12 was found,
but it became +20 126 after 250 c.cm. of air had been
introduced.

The following table shows the variation of intra-
pleural pressure at the initial operation when there are
adhesions.
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Case 1. Case 2. Case 3.

Initial pressure . —4 — 0 — 4 — 0 —6 —0
After 50 c.em, air . 8 +12 - —
SPE ) (TS o — +19 -4-23 -—

AL R = = 12 46

The next table shows the variation of intrapleural pres-
sure after the formation of pleural effusion :—

Case. 1. Case 2. Case 3.
Initial pressure . ., —64+4 —2 4+ 4 —38—0
After 100 c.em. air . — 1 + 6 — —
w208 o . + 8 +14 — —
T e =
T T e e Eh 120 122 il
S G ek i = +10 414

When the liquid is replaced by air the quantity removed
must be greater than that of the air added if the intra-
pleural pressure is to be lowered. For instance, in one of my
cases the pressure in the air-space above the liquid was
—38 -1 after removing 700 c.cm. of liquid it was —14 —6,
but on adding 700 c.cm. of air it became +3 +8.

The following cases show the effect of replacing liquid
with air on the intrapleural pressure :—

1. Pressure —2 +-4. After removing 1,650 c.em. of
liquid and introducing 1,100
c.em. of air the pressure was
—4 -2,

2. Pressure —8 +3. 1,350 c.cm. of liquid were removed
and 1,100 c.cm. air introduced,
and the pressure was —8 2.

3. Pressure —5 —4. 1,250 c.em. of liquid were removed
and 1,000 c.cm. of air introduced,
and the pressure was —4 —2,

The lung can remain well collapsed with a negative pres-
sure. Indeed, one almost always finds a negative intra-
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pleural pressure when the patient attends for a refill, even
if X-ray shows that the lung is well collapsed and that very
little re-expansion has taken place since the last refill. A
positive pressure left after a refill is soon converted into a
negative one. It is not often that one has the chance of
seeing how quickly the intrapleural pressure alters, because
at the initial operation only a small quantity of air is given
and the initial pressure is altered very little, whereas in the
later stages of the treatment, when there is a positive
pressure, the refills are given at longer intervals. In the
two following cases, however, a large initial quantity of air
was given to check h@moptysis, and the pressures were as
follows :—

1. Initial pressure : . =11 —8
After 1,400 c.em. of air . 4+ 1 45
Thirty-six hours later . —11 —8

2. Initial pressure : . —10 —8
After 900 c.cm. of air . =2 —0
Two days later : . — 7 —5

In the following three cases there was much adherent
pleura :—

1. Initial pressure 5 . — 9 — 35
After 120 c.em. of air . +10 +14

Twenty-four hours later . — 4 + 1
2. Initial pressure 5 . — 4 — 2
After 300 c.cm. of air . +14+ 5
Sixteen hours later . . — 2 —0
3. Initial pressure " . — 85 =2
After 500 c.cm. of air . — 04+ 3
Twenty-four hourslater . — 5 — 9

It sometimes happens that after a refill the patient com-
plains of dyspneea and tightness of the chest and a needle
is put into the pleural cavity to find the pressure and, if
necessary, to remove some of the gas,
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1. Initial pressure before the fourth refil —38 — 9
After 700 c.cm. of air . : . +8 4+ 1
Three hours later . g . —H 4+ 2

2. Initial pressure before fifth 1eﬁll . —5 — 1
After 700 e.cm. of air . ; . 47 411
Four hours later . : . —0 4+ 4

3. Pressure before initial npemtmn . —6 — 38
After 850 c.cm. of air . ; . —4 — 1
Sixteen hours later . . —6 — 4

These cases do not show any evidence of a temporary
increase in the volume of gas after a refill.

If a big positive pressure is reached it will sometimes be
found that the oscillations recorded by the manometer are
reversed—that is, a higher pressure is recorded with inspira-
tion than with expiration. Bjure (25) describes three
cases in which the pressure was increased during inspiration,
but normal fluctuations were recorded when the patient was
told to use costal and not abdominal respiration. The
reversed fluctuations in such cases are due to the descent of
the diaphragm during inspiration on the healthy side and
the ascent on the other side, and this can well be demon-
strated by X-rays.

If the pneumothorax needle is accidentally put into the
abdominal cavity the readings on the manometer are
reversed, the pressure being higher during inspiration.

H. de Carle Woodcock (17), at a post-mortem examination,
found an intrapleural pressure of —1-5 in. of water. Intes-
tinal pressure was -2, but after freely puncturing the
intestine and allowing the gas to escape, the intrapleural
pressure became —3-5. It would appear, therefore, that
distension of the bowels had some effect on intrapleural
pressure. This may account for the curious changes of
pressure very occasionally found at refills. For example,
in one of my cases the patient was having 800 c.cm. of air
every three weeks, the pressure being taken from about
—8 —2 to +6 +10, At the fourteenth refill the pressure
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was —2 44 and 500 c.em. raised it to +15 +17. No
liquid was seen by X-ray, and at subsequent refills the
patient was able to take 700 to 900 c.cm. as previously.

It must be remembered, however, that such changes in
pressure are almost invariably due either to the presence of
an effusion or to extension of adhesions diminishing the
pneumothorax space. The development of dry pleurisy
may cause a high intrapleural pressure, although no liquid
forms. Perforation of the viseeral pleura often causes a
very high intrapleural pressure. In one of my cases the
pressure after perforation was +12 --29, and it was reduced
to —6 —1 by removing 1,200 c.cm. of gas.

It has been stated (2) that for a short time after a refill
before the gases in the pleural cavity are balanced by inter-
change with the gases comprising alveolar air, the actual
volume of gas in the pleural cavity is inereased. This would
raise the intrapleural pressure and be one explanation of
the dyspncea not infrequently seen some three or four hours
after a refill. It is not my experience, however, to find this
rise of pressure.

In some cases, when there was but little collapse before the
refill, or more especially at the original induction of pneu-
mothorax, the visceral pleura is pierced and a little air
escapes from the lungs; this may continue for some time
after the refill and so increase the quantity of gas in the
pneumothorax cavity and raise the pressure. I do not
think, however, that this is of common occurrence, for any
slight puncture of the lung usually closes up at once.

It has often been stated that alteration of the intrapleural
pressure on one side of the chest affects that on the other,
but this is only the case after a certain quantity of gas has
been introduced, and it also depends largely on the mobility
of the mediastinum. If the intrapleural pressures are
taken on both sides of the chest during a refill, it will be
found that on the treated side the pressure gets higher and
higher as the gas enters the pleural cavity, but that it does
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not alter on the other side until a certain amount of gas has
entered, and then it will gradually rise as more air is intro-
duced.

In one case of left artificial pneumothorax the intrapleural
pressures were as follows :—

Amount of gas. Left side. Right side.

0. : . —6 -2 .. —5 —8
600 c.cm. . . +2 4+5 .. —5 —3
s . . . +6 4+9 .. —5 —3

In another case of right-sided pneumothorax the following
intrapleural pressures were obtained during a refill :—

Amount of gas. Right side. Left side.

05 : . —6 — 4 .. —8 —6
200 c.cm. . . +38 4+ 9 .. —8 —6
300 ., . . +4 412 .. —8B —6

Another factor affecting intrapleural pressure is altitude,
and this should be remembered in giving refills to those
about to go to Switzerland. It is my practice to give no
refill to a patient after one full week before he goes to the
Alps and then to leave an intrapleural pressure considerably
lower than normal. 1 have known patients soon after a
refill arrive at an altitude of some 5,000 ft. with great
dyspneea, necessitating removal of some gas from the
pneumothorax cavity. Dr. Riviere (13, p. 103) says that a
rise of 8,250 to 5,000 ft. is equivalent in a full pneumothorax
of 8 or 4 litres to the addition of 400 to 800 c.cm. of gas. It
has been estimated that every 1,000 c.cm. of gas in the chest
increase by 40 c.cm. for every 1,000 ft. rise of altitude.

Adhesions.—Collapse therapy is possible only when there
is a free pleural space and much the most common cause of
failure of the treatment is the presence of too much adherent
pleura to allow an efficient pneumothorax to be produced.
Cases in which adherent pleura interferes with the treatment
may be considered under three headings.

i 13
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1. When there is too much adherent pleura to prevent any
collapse of lung at all or an insufficient collapse to be of any
therapeutic value.

2. When there is some adherent pleura, but not enough
to prevent a useful degree of collapse. In these cases the
value of the pneumothorax is usually impaired to a varying
extent, but there is sufficient collapse to give some benefit,
and the treatment should be continued.

3. When there are adhesions rather than areas of adherent
pleura and although a useful collapse cannot be obtained at
first, it is thought possible to stretch or cut the adhesions
and so allow the treatment to be given.

It is important to distinguish between adherent pleura and
a pleural adhesion, the one may be compared to a ship
aground and the other to a ship at anchor. In the one case
it 1s very dangerous to try to separate the adherent sur-
faces, for the lung will almost certainly be torn, in the other
it 1s not difficult to divide the adhesions.

1. When there is too much adherent pleura to allow an
efficient collapse.

One should never assume that there are extensive adhesions
without trying to collapse the lung. I have succeeded in
obtaining a good collapse in cases with much displacement
of the heart and trachea, and others with a history of
repeated pleurisy or pleural effusion or other conditions
which would make the existence of extensive pleural adhe-
sion most probable. There are many signs which make
one feel confident that a pneumothorax will be impossible
and one is generally right, but it is a mistake to discard
the possibility of inducing one without trying.

Unless there are any special reasons for not doing so I
make the first attempt in the mid-axillary line in the fifth
or sixth intercostal space; failing this I try in the sixth
space in the posterior axillary line, then in the seventh space
just internal and below the angle of the scapula, and finally
in the first or second intercostal spaces in the mid-clavicular
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line. If no free pleural space is found at any of these sites
I abandon the attempt.

In some cases only a small pocket is found and I think
it is wrong to keep on refilling it. If the adhesions are firm
it is useless to do so, if they are not, it is dangerous, for there
is always a chance of it rupturing into the lung, of surgical
emphysema, or some other complication. The following
cases are examples of such extensive adherent pleura that
the pneumothorax treatment should be abandoned.

A. Male aged thirty-six. No free pleural space found at
the first attempt. At the second a pocket was found with
the pressure —4 —0, but rising to 419 23 after 150 e.em. of
air had been injected. On the following day a third attempt
was made in a different place and failed, but at the fourth
attempt a space was found with a pressure —6 —2, but it
was raised to +8 412 by 100 c.em. of air. No further
attempts were made.

B. In this case there was practically no collapse and no
benefit to the patient after ten days, so the treatment was
stopped. The pressures were as follows :—

August 15th . —6 —8 .. 300 .. 0 4+ 2
i3 16th . —4 —8 .. 80 .. 4+ 6 4+ 8
e R R I S B [T
,, 19th . —1 41 .. 800 .. -+12 414
L oond -- 0l L B00. .. k16 120
S e AT B .. 2000 .. 1B CE2D

2. When the adherent pleura is not sufficient to prevent
a useful degree of collapse. The following may be taken as
an example of this type of case.

A woman aged twenty-eight, with slight pyrexia, signs
of toxemia and sputum containing tubercle bacilli. A
pneumothorax was induced, but the upper third of the lung
was found to be adherent and collapse of the base alone was
possible. The temperature, however, subsided, her general

condition improved and the quantity of sputum lessened
13—2
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so the treatment was continued. Gradually, however, the
pleural space became smaller and smaller, so that less gas
could be given at each refill and the pressures were higher.
The treatment was kept up for eight months and had to be
stopped then owing to complete obliteration of the pneu-
mothorax cavity. She had, however, gained weight, and
lost her toxic symptoms. Four years later she was keeping
at work with signs of fibrosis, but apparently no active
disease. In this case the pneumothorax was undoubtedly
the turning point in the patient’s illness, and it illustrates
how gradual obliteration of the pleural eavity sometimes
gives a good result.

Sometimes, however, as the lung is drawn out, the symp-
toms return and, in this case, a thoracoplasty should be per-
formed if the condition of the other lung permits. In order
to prevent this gradual obliteration of the pneumothorax
cavity, frequent refills have been given in the endeavour
to keep the intrapleural pressure high. It has already been
pointed out that air under pressure in the pleural cavity
is quickly absorbed and the pressure falls, so that the gradual
obliteration of the pleural cavity proceeds in spite of large
frequent refills. It has been suggested that the obliteration
may be delayed by injecting liquid into the pleural cavity
instead of air. Some liquids, such as normal saline, are
absorbed too quickly for this purpose, others set up an
inflammatory reaction in the pleura which tends to hasten,
rather than slow, the process of obliteration. The liquid
most commonly used is a 5 per cent. solution of gomenol
in olive oil. This is non-irritant and is slowly absorbed.
The quantity given must depend on the size of the pneu-
mothorax cavity and other factors, but it will be found that
even when large quantities of oil are injected the cavity will
not be filled for the diaphragm becomes depressed and the
mediastinum bulges to the other side. It is because of this
displacement that oleothorax is not usually satisfactory,
and in any case where it is employed the patient must be
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watched very carefully lest the formation of an effusion
occurs and causes great mediastinal displacement. I saw a
patient who had a quantity of air removed from his pneu-
mothorax cavity and replaced by gomenol in order that the
lung might remain collapsed during a three weeks’ journey
to England. On arrival there was extreme dyspncea and
the mediastinum was so much displaced that the heart’s
beat could be felt in the right axilla. It is important to
remember that gomenol should not be given to avoid the
necessity of a refill unless the patient is under constant
medical supervision.

In some cases the mediastinum cannot be displaced as it is
fixed by the adherent pleura and, if this is so, gomenol may
safely be left in the pneumothorax cavity and it does
undoubtedly delay the process of obliteration. In my
experience, however, there is little, if any, advantage
in maintaining a small pneumothorax. If the symptoms
do not return as the lung is drawn out, a good result with
fibrosis may be anticipated. If, on the other hand, the
symptoms do return, it seems to me safer to advise thora-
coplasty, unless the condition of the other lung is too bad,
in which case the prognosis is grave whatever is done.

3. When the lung is prevented from collapsing by adhe-
sions and not by adherent pleura. If sufficient collapse to
relieve the symptoms can be obtained it is not advisable
to divide the adhesions. They will tend to stretch under
the treatment if small frequent refills are given. There are
dangers in giving large refills and making a high intrapleural
pressure, and it is not necessary to do so. Even if the
collapse seems sufficient the adhesions should be stretched,
because results in a case of partial collapse are not so good
as those when the lung is fully collapsed ; moreover, they
may lead to obliteration of the pneumothorax cavity.

If the adhesions prevent an efficient collapse or hold up
some part (such as a cavity) which it is desired to collapse,
it will often be found possible to stretch them by giving
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small frequent refills, and when the patient is at rest he
should lie on the healthy side as much as possible, as this
will produce a drag on the adhesions. In my opinion these
methods of stretching them should be given a good trial
before resorting to surgical means. Open operation and
division of the adhesions is dangerous, and I have seen two
patients who died shortly after such an operation, one from
heemorrhage and the other from shock. If the adhesions
are to be divided it is best to do so with the cautery under
direct vision through the thoracoscope. This method was
described by Jacobeus in 1918 (16). After the exact
position of the adhesions has been determined, and a refill
has been given to raise the intrapleural pressure, a special
trocar and cannula are inserted into the pneumothorax
cavity. The cannula is made with a valve so that on with-
drawing the trocar, no air can escape from the pleural cavity.
After withdrawing the trocar a thoracoscope is introduced
through the cannula, and a view of the adhesions can then
be obtained. When the adhesions are in the upper part of
the chest I insert the thoracoscope high up in the back be-
tween the vertebral column and the upper part of the scapula,
but the site selected will, of course, depend on the position
of the adhesions. On examination through the thoraco-
scope the collapsed border of the lung will be seen, and lead-
ing from it adhesions pass outwards to the chest wall
Some of these are string-like and can easily be divided with
the cautery, others are thick with a broad attachment to
the chest wall, contain lung tissue, and cannot be divided,
others again appear to have lung tissue in them as they
leave the border of the lung, but not at their attachment
to the chest. This last type is the one which most
frequently holds up a large portion of the lung and is,
therefore, the one in which it is especially important to
beware of cutting through lung tissue. If there is any doubt
as to whether or not there is lung tissue in an adhesion, no
attempt should be made to divide it,
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If, however, it is decided to cauterise some adhesions,
another cannula should be inserted through the anterior
axillary line (or some other site according to the position of
the adhesions) and through this a cautery is introduced into
the pneumothorax cavity. With practice it is not difficult
to divide the adhesions with the cautery by this method,
but it is very difficult to determine whether or not it 1s safe
to cauterise any given adhesion.

Jacobzus (16) describes the method and its results.
The most serious complication is empyema, which usually
results from injury to the lung and opening up a caseous
focus. Lung tissue may be found in an adhesion the size
of a pencil. It often happens that there are several small
string-like adhesions, as well as one or more large ones. If
the large ones are divided and the lung is held by the small
ones, they may stretch or snap. During cough there is a
great chance of one of these small adhesions breaking, and
if the tear takes place at its junction with the lung, empyema
may follow. It is therefore important first to divide all the
small adhesions before the bigger ones. Hamorrhage into
the pneumothorax cavity is another complication, but this
can largely be prevented by using the diathermic cautery to
divide the adhesions. Provided proper local anwmsthesia is
used, the proceeding is painless, and it is safe if only the small
string-like adhesions are divided, but this is not enough to
free the lung in most cases, and it is when the larger adhesions
are tackled that the dangers arise. In practice I have found
that cauterisation is seldom indicated, but there are a few
cases where very good clinical results follow the division
of the adhesions.

Dr. B. Hudson (19) reports a case where improvement
followed cauterisation and is of special interest because the
adhesions, which were not only thick but wvascular, were
successfully divided by the diathermic cautery without any
bleeding. Dr. Hudson says that in this case the adhesions
not only prevented a successful collapse of the upper part
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of the lung, but were a positive danger owing to the presence
of a widely open thin-walled cavity with which they
were connected.  Maurer (27) enucleates the adhesion. He
cauterises the parietal pleura round the adhesion, having
first anmsthetised it with a solution of novocain injected
through a long needle under vision through a thoracoscope.
Thus there is no chance of injuring lung tissue, and by this
method he has considerably reduced the chance of empyema.
Only 1 of 130 cases treated by him developed empyema, and
there were no deaths either from direct or indirect causes.
In order to prevent hemorrhage, he uses diathermy to pro-
duce a narrow zone of coagulation around the adhesion, and
he then cuts through this zone with the galvano-cautery.
Chandler (28) describes a diathermy machine which he uses
in severing adhesions. A suitable portion of the adhesion is
coagulated and then the coagulated portion is cut. He points
out the necessity of localising the insertion of the adhesion
before putting in the thoracoscope. This he does by watching
the adhesion under the screen ; as the patient is rotated the
adhesion will appear to become longer or shorter, according
to whether it is inserted in front of or behind the mid-axillary
line. Chandler’s (29) thoracoscope is very excellent. It con-
sists of a combined endoscope and cautery, so that only one
puncture is necessary.

Dangers of Inducing Artificial Pneumothorax.—Dr. Wood-
cock (17) wrote in 1915 : *“ There are dangers in connection
with the production of artificial pneumothorax, but the
greatest—and about this let there be no mistake—is the
neglect in which it is held.”

To-day collapse therapy is far more widely employed,
and its value is increasingly recognised, but still there are
in England many towns, and some of considerable size,
where nothing is known about it. I have known a patient
who had to travel over sixty miles to get a refill. A few
years ago it was necessary to find where the patient lived
and whether the refills could be continued at home before
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starting to collapse the lung, and even now it is sometimes
difficult to arrange for a patient’s refills after he has left the
hospital or sanatorium.

The actual dangers of inducing a pneumothorax under
proper precautions are negligible, but unfortunately two
of them, namely, gas embolism and pleural shock, though
both extremely rare, are very serious and often fatal.

Gas Embolism.—Air may enter the pulmonary veins and,
if some bubbles are carried to the coronary vessels causing
embolism of the capillaries, sudden death may occur. Hemi-
plegia or other forms of paralysis may result from gas
embolism of the cerebral vessels.

In one case the patient became semi-conscious for a few
moments and afterwards for several hours had partial
hemianopia and hemiparesis.

In another case, during induction of pneumothorax, the
needle was felt to pass the pleura, but no manometer move-
ments were recorded. Oxygen was introduced and the
patient at once complained of severe precordial pain and
numbness of one arm. Convulsive movements and uncon-
sciousness followed and the heart and respiration stopped,
Recovery soon occurred after artificial respiration and
stimulants had been applied, but there was facial paralysis
for a few hours. The patient was well the next day.

In another case the patient, a woman of thirty-two, had
been under treatment for nearly two years, and the pneu-
mothorax cavity was practically obliterated. The needle
was pushed into the lung, for she afterwards coughed up a
little blood and the oscillations of the manometer just above
and below zero were characteristic of the swing when the
needle is in a cavity or lung tissue. At the time, however,
it was thought that the needle was in the pneumothorax
cavity and some air was introduced under pressure from the
apparatus. After about 200 c.cm. had been given she
suddenly became faint, complained of pins and needles in
the legs and inability to breathe. She then actually lost
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consciousness for a few moments, but was quickly restored
by stimulants. On recovery she complained of weakness
and a feeling of numbness in the right leg, but she had quite
recovered by the next morning.

It is often difficult to distinguish this condition from
pleural shock, and it has been suggested that the great
majority of cases described as shock are, in reality, due to
embolism, but with modern methods, gas embolism is very
unlikely. Before the manometer was used in pneumothorax
work, the needle was gently pushed into the chest until
gas flowed from the apparatus, when it was assumed that the
needle was in the pleural cavity. It was occasionally in
lung tissue or a blood vessel, however, and if the gas entered
the pulmonary veins embolism was liable to occur. By
using a manometer and not allowing any gas to flow under
pressure until it is certain that the needle is in the pleural
cavity, gas embolism can usually be prevented, and, indeed,
it has been truly said to belong to the historical period of
pneumothorax therapy.

Stivelman (18) found no case of gas embolism amongst
867 cases treated by nineteen American doctors.

It has been suggested that air may enter the pulmonary
veins from the alveoli when they are punctured. In cases
of chronic pulmonary tuberculosis there is free anastomosis
between the bronchial (systemic) and pulmonary veins,
so that gas entering any intrathoracic vessels may find its
way to the systemic capillaries. This is not likely, however,
or must be extremely rare as most gas which got into the
systemic veins would pass through the right side of the heart
or be blocked by the pulmonary capillaries. It is, therefore,
only the pulmonary veins that are important in the matter
of embolism. These contain arterial blood, so that it is not
necessary to use oxygen when indueing a pneumothorax
in the belief that it will be more readily absorbed by the
blood and so less likely to produce gas embolism. The use
of carbon dioxide has also been advocated at the initial



PLEURAL SHOCK 187

induction of pneumothorax because it is quickly absorbed
by the plasma, but it is doubtful whether this makes any
practical difference and accident should be prevented by
correct technique. If the needle does enter a big vessel
blood is forced up the tubing and can be seen at the glass
window. Any blood entering the needle quickly clots and
blocks the needle. When the pleura is adherent the needle
is often pushed, and sometimes deeply, into lung tissue,
but no gas can enter the circulation unless it is under pres-
sure. In order to prevent gas embolism, the following
precautions should be taken :—

1. Allow the gas to be sucked in very cautiously and use
no pressure until the movements of the manometer make it
certain that the needle is in the pleural cavity. For this
purpose, if Lillington and Pearson’s apparatus is used, the
level of water in the two bottles should be equal when start-
ing an initial refill.

2. The needle and tubing should at first be connected only
with the manometer, being clipped off from the gas chamber.

3. Use a large and blunt-tipped needle for the initial
induction of pneumothorax.

4. Coughing or deep breathing should be prevented, at
least until the needle is in the pleural cavity and the gas
flowing freely.

Pleural Shock.—This rare accident may occur when the
pleura is punctured or irritated or even when the pleural
cavity is being washed out. I have known a case where the
patient suddenly died when the chest was punctured for
the purpose of aspirating a pleural effusion, and another
where sudden death occurred whilst B.I.P. was being intro-
duced into an empyema sinus. With animals it has been
found that shock can be produced by irritation of the pleura
and probably occurs through the vagus. It can be prevented
by ligaturing the carotids, or by keeping the animal under
an anwesthetic. Some have denied the existence of pleural
shock, claiming that the symptoms are due to embolism,
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and there is no doubt that the symptoms are very similar
in the two conditions. But apart from all other reasons,
the fact that shock is liable to occur in the same individual,
whenever the pleura is punctured, must exclude gas embolism
as the cause of all cases.

The symptoms vary from a mere faintness to actual death
and usually oceur as the needle is entering or leaving the
pleural cavity, but they may come on during a refill or even
some minutes after it is finished. It is said to be more com-
mon in the early stages of disease, when the pleura is healthy,
than in cases of advanced tuberculosis, and this is one reason
why Dr. Riviere (18, p. 19) does not advocate artificial
pneumothorax in the treatment of early pulmonary tuber-
culosis. Pleural shock is rare, and it is not easy to determine
whether or not it is less unlikely to oceur in cases where there
1s healthy pleura, but it certainly may occur when the
pleura is considerably involved, even in cases of chronic
empyema sinus. The following cases are examples of
pleural shock :—

1. Stivelman (18) describes the case of a patient with
pulmonary tuberculosis who had a fibroma removed from
his arm under cocaine and adrenalin on February 1st, and
there was no ill effect. On February 20th an attempt was
made to induce an artificial pneumothorax and after giving
an injection of morphia, } gr., the pleura was anzsthetised
with 15 c.em. of a 075 per cent. solution of cocaine and
adrenalin 1 in 8,000, but before the hypodermic needle was
withdrawn the patient collapsed, the pulse was only just
perceptible, there was stertorous breathing and the patient
became livid. Stimulants were given and he recovered
after an hour and a half. Two days later he had a similar,
but worse attack, whilst the pleura was being answesthetised,
and sent completely blind for four hours, Photophobia
lasted twenty-four hours, but he was quite well in two days’
time.

2. In one of my cases (4, p. 82) the patient, a man of
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thirty-eicht, was wvery ill with tuberculosis which had
followed pleurisy. The whole of the left lung was involved.
He was given an injection of morphia, } gr. half an hour
before the operation. The track of the needle and the
pleura were anamsthetised with a 2 per cent. solution of novo-
cain, and an attempt was made to induce a pneumothorax
from the left axilla, but it failed. A second attempt was
made at the back after anssthetising the pleura as before,
but again the pleural cavity could not be found. I was just
about to withdraw the needle when the patient suddenly
said he could not breathe. There was no movement of
the manometer as would have occurred had air been sucked
into the blood stream, for the tube leading to the air chamber
of the apparatus was clipped and the only air which could
have been sucked in was that contained in the tube between
the needle and the manometer. I withdrew the needle at
once and the patient sat up, gave a few gasps and died.
There was no post-mortem examination.

3. In another of my cases, a woman of twenty-eight,
pleural shock occurred, but not the first time the pleura was
punctured, and, indeed, in this case the pleura seemed to
become more sensitive as treatment progressed. During
the third refill she complained of a sudden feeling of giddiness.
After the needle had been removed following the fourth refill
she had a sudden pain over the heart, could not breathe and
lost consciousness for about two minutes. During the
fifth refill, when about 150 c.cm. of air had been given, she
suddenly gasped, became blue and almost pulseless. The
needle was withdrawn and stimulants administered and she
recovered without having actually lost consciousness. After
this treatment was discontinued.

It is doubtful whether anything practical can be done to
prevent pleural shock. It is said not to occur in animals
under a general anssthetie, but the danger of complications
from an anwmsthetic is obviously greater than the risk of
pleural shock. A preliminary injection of morphia had been
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given in the only fatal case in my series and also in several
of the other published cases. I always use novocain to
anwsthetise the pleura as well as the skin, so that the punc-
ture is absolutely painless, but in spite of this, shock has
occasionally occurred in some of my cases, and Stivelman (18)
found pleural shock equally frequent whether a local anwms-
thetic had been used or not in a series of 867 patients treated
by nineteen American doctors. A series of cases treated
with certain technique and without pleural shock does not
indicate that shock can be prevented by following that
method, for it is extremely rare whatever technique is used.

Puncture of Lung.—If the visceral and parietal pleura are
adherent it often happens that the needle passes straight
through into the lung. In this case a negative pressure may
be registered on the manometer, but the oscillations are
just above and below zero, so that the mean pressure is
0. The needle usually becomes blocked with clotted blood.
A little blood-stained sputum may follow this accident, but
there are no other ill effects.

If the pleura is not adherent, it is usually possible to avoid
piercing the visceral pleura by being very gentle and using
a blunt Riviere needle for the initial operation. In some
cases when the lung is punctured air may escape and lead
to an increased pneumothorax cavity, and possibly a higher
intrathoraciec pressure and dyspncea some hours after the
needle has been withdrawn. Usually, however, a small
puncture quickly closes and no air escapes from the lung.

Punctures of a Large Vessel or of the Heart.—Vere Pear-
son (9) describes a case in which the needle entered the peri-
cardlum. The manometer showed negative oscillations
synchronous with the heart. There were no ill effects.

Minor (8) was inducing a pneumothorax in a young woman
with an old fibroid lesion. Suddenly she gasped and turned
pale and blood rushed up the tubing as far as the gas chamber.
The needle was at once withdrawn and there were no ill effects.

In one of my patients pneumothorax treatment had been
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stopped two years previously, but symptoms had returned
and I was trying to re-collapse the lung. Suddenly the
manometer registered a positive pressure which gradually
increased and blood began to flow up the tubing and was
visible at the glass window beyond the needle.

In two other cases a similar occurrence took place, but
in none of these was there any pain or discomfort at the time,
or any subsequent ill effect.

Surgical Emphysema.—Superficial emphysema is not
uncommon, especially if there is a high intrapleural pressure,
or if the patient coughs during the refill. It is, however,
quite a painless and harmless complication and quickly
clears up. Deep emphysema is caused by the air entering
a false passage between the pleural layers. It travels to
the neck along the trachea and cesophagus, and is accom-
panied by pain and severe dyspncea. There may also be
difficulty in swallowing and a sensation of choking. In
three cases in my series the emphysema was severe, but
eventually subsided without leaving any harmful after
effect. In one patient two attempts to induce an artificial
pneumothorax had failed owing to adherent pleura, and
twenty-four hours after the attempt the patient complained
of pain across the chest, and some surgical emphysema was
found in the chest and neck. Two days later it had spread
all over the chest and abdomen. Both arms and hands
became affected and emphysema could be felt at the very
tips of the fingers. The neck, face and scalp became enor-
mously swollen, and he could hardly see out of his eyes.
The whole body was distended with surgical emphysema,
from the top of the head to Poupart’s ligaments, but below
this there was no emphysema at all. The patient looked
most uncomfortable, and his appearance was alarming, but
except for a slight choking feeling he complained of no dis-
comfort. There was no pain or pyrexia, and the emphysema,
which began to subside after the third day, had completely
disappeared in a week.
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Pain.—The treatment itself should be quite painless if the
skin and parietal pleura are properly anwmsthetised. Even
when inserting the large cannula for a thoracoscope there
should be no pain. Patients are usually apprehensive at
first, but on finding that they feel nothing, do not dread the
subsequent refills. Some patients are much more sensitive
than others, and in two cases I have had to stop the treatment
as the patient could not endure the refills. One, a man of
forty, described the procedure as agony; he clenched his
fists during a refill and beads of perspiration came on
his forehead although he was always given a preliminary
injection of morphia. Of course, if the local anwmsthetic
is not given properly or if the needle is inserted diagonally
so that it pierces a portion of the pleura which has not been
anwmsthetised there will be pain, but some few patients
complain of pain and undoubtedly feel it at every refill, to
which they never become accustomed. In many cases there
is a large nervous element ; in one case I had removed the
needle after a refill and was holding a pad of wool over the
site of puncture, as there was a little bleeding. The patient
said the pain was so severe he could not bear it any more,
and could I stop the refill. T said, * Certainly, I have just
finished,” and, pinching the skin, removed the pad as it
taking out the needle. I then held another pad over the
chest, but told him it was only wool, and that the needle
was out. He said the pain had gone. In this case he
could not feel the needle being withdrawn, he did not even
know whether or not it was in the chest, yet he had a feeling
of pain amounting to what he called agony as long as he
thought it was in the chest. Whether genuine or imaginary,
pain does sometimes oceur to such an extent that the treat-
ment cannot be continued, though in most cases if a refill is
given gently and quickly and the track of the needle is
thoroughly anzwesthetised there is no pain at all.

Pain after a refill may occur, and it varies from a mere
feeling of pressure to an acute pain. A really acute pain is



PAIN 193

usually due to rupture or tearing of some pleural adhesion,
and a sharp pain on cough may be due to stretching of
adhesions. A feeling of pressure or discomfort is often
due to an excess of air in the pneumothorax cavity, and is
generally the result of giving too big a refill. Sometimes,
however, extra air gets into the pneumothorax cavity from
the lung which has been accidentally punctured during the
refill, or according to Rist and Strohl (2) there may be a
temporary increase of gas in the pleural cavity before the
balance is established between the alveolar air and the gas
introduced.

One may recognise three types of pain following artificial
pneumothorax refills :—

1. The patient first complains of tightness in the chest but
not actual pain which lasts for a few hours after a refill. It
occurs only in patients with adhesions and a high intrapleural
pressure, and it wears off as the pressure falls.

2. A pain which comes on some hours after the refill and
is increased by cough or deep inspiration. This is often
referred to the shoulders and usually to where X-ray shows
the presence of adhesions.

3. The sudden snapping of an adhesion. This may occur
for no apparent reason, or with cough or during a refill. 1In
one of my cases the patient was a man who had been under
treatment for eight months. He was doing very well,
was not at all nervous and had never complained of pain
before, but during one refill, after about 500 c.em. of air
had been given he suddenly complained of a sharp pain in
the chest as if something had torn. It lasted a few seconds
only and I was able to finish the refill. It had no effect on
the intrapleural pressure. The patient compared the pain
to that felt when the dentist touches a nerve. It did not
recur at any subsequent refill and was possibly due to the
rupture of some small adhesion.

In several cases in my series the patients felt something
give inside them, but there was no actual pain. Indeed,

P.T. 14
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in one of these cases the patient had a feeling of tightness
and pain which was relieved at once after the sensation of
something giving way in her chest.

A sudden pain accompanied by dyspnocea may result
from ruptured lung, that is the occurrence of spontaneous
pneumothorax in an artificial one. Dyspneea is usually
the chief symptom, and there may be no pain, but in some
cases the pain is so severe that it simulates a perforated
gastric uleer.

Pain occurring before a refill is usually due to pleurisy,
the expansion of the lung allowing the visceral and parietal
pleura to come into contact. It should be taken as a warning
and refills given at shorter intervals or adherent pleura will
probably result.

Lastly, pain may rarely be due to deep emphysema and
is then felt under the sternum and in the throat. It comes
on a few hours after the refill and is accompanied by a sensa-
tion of choking and severe dyspncea. It is very unusual,
however, for actual pain to occur in cases of surgical emphy-
sema.

Dyspncea.—Shortness of breath occurring during pneumo-
thorax treatment may be due to over-collapse of the lung.
In cases where one lung is much diseased or collapsed, a
pneumothorax on the other side may lead to severe dyspncea.
It is surprising, however, how much collapse in both lungs
may occur with little or no dyspnecea, though it is obvious
that the degree of collapse which can be obtained in one lung
must depend on the amount of functioning lung on the other
side. If a large pneumothorax is produced so that the
mediastinum is much displaced there may be great shortness
of breath, even if the other lung is healthy.

Dyspnecea may also occur when the intrapleural pressure
is too low. It may be very severe after or during aspiration
of pleural effusion or when air is removed from the pneumo-
thorax cavity. Sometimes when the lung is re-expanding
dyspncea occurs and is relieved by giving a refill.
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Sometimes dyspneea occurs about three hours after a
refill, and it has been suggested that this is due to an increase
in the size of the pneumothorax owing to interchange between
the alveolar air and the gas in the pleural cavity. It is
doubtful, however, whether there really is any temporary
increase in the quantity of gas, and if it does occur on some
occasions it is more probably due to accidental pricking
of the visceral pleura and escape of alveolar air. This type
of dyspncea is largely nervous in most cases, it starts as a
little shortness of breath which alarms the patient and makes
him more conscious of it until sometimes he is worked up
into a state when he is gasping for breath. Reassurance or
any medicine given for its mental effect will usually relieve
the symptoms at once, though occasionally it is necessary
to give an injection of morphia.

Displacement of the Mediastinum.—In most cases of
pneumothorax the mediastinum is slightly bow-shaped, the
concavity being towards the pneumothorax. Sometimes,
however, it is resistant and firmly held in position, so that
there is no displacement, even with high intrapleural pres-
sures and complete collapse of the lung. In other cases
it is extremely mobile and is displaced even when the intra-
pleural pressure is negative. In such a case it may be
necessary to discontinue the treatment if it is impossible
to get a sullicient collapse of lung.

In most cases the optimum degree of collapse can be
reached without undue displacement of the mediastinum,
but even when there is some displacement I ignore it unless
symptoms are produced. I have frequently seen patients
steadily improve when the lung is fully collapsed, in spite
of considerable bulging of the mediastinum. It is not neces-
sary to interrupt the treatment simply because of a weak
mediastinum. Generally, however, symptoms occur and
the pressures have to be reduced. A common symptom
is loss of weight as illustrated in the following two
cases :—
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1. A girl of seventeen was admitted to hospital with
infiltration of the upper third of the left lung. Before
artificial pneumothorax was induced, even whilst she was
being treated with absolute rest in bed, the evening
temperature was 99-6° to 100-5°F. A left artificial
pneumothorax was induced on July 18th, 1921, and
the following table shows the changes in the patient’s
weight :—

st. 1b. gt. 1b.

July 12th, 1921 . & 8 Nov. 28th, 1921 7T 123
Aug. 9th % . 8 9} Jan. 2nd 1922 v 9
oAl 8 81 & the b 7 9

Sept. 11th 8 41 T 7 104
i 20th 8 8 Feb. 14th ,, 7 12}

Oct. 20th ,, B yy 20th 7 12
Nov. 7th ,, . 7121 June 6th 8 5%

R L R

On October 20th X-ray showed good collapse of the left
lung with slight displacement of the mediastinum to the
right. The patient was up for six hours a day and had a
normal pulse and temperature. The weight continued to
drop, however, and in November the patient was put back
to bed. This stayed the loss of weight for a time, but in
January it began to fall again. At this time X-ray showed
considerable displacement of the heart and mediastinum
to the right, with bulging of the upper part of the medias-
tinum., No refill was given from December 30th until
February 10th, when the mediastinum had come back
towards its normal position. Refills were then given very
carefully to prevent displacement of the mediastinum, and
the patient began to gain weight.

2. Female aged twenty-one, with infiltration of the
left apex. A right-sided pneumothorax was induced on
October 27th, 1921, and the patient’s weight varied as
follows :—
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gt. lb. at. lb.

Oct. 22nd, 1921 9 61 Feb. 14th, 1922 . 8 b5
Nov. 14th 9 73 R 8 5
Dec. 12th ., 9 5% March18th ,, . 8 b5
., 80th 9 11 RS N
Jan. 9th, 1922 9 1 April 24th 8 71
o oodth 8 12 May S8th ., 8 8
i BIst 8 8 o 2ond e 8 8%

There was the initial gain in weight which usually follows
hospital feeding and rest, but this gave way to a steady loss.
On January 30th the mediastinum was much displaced
and bulging to the left in the upper part, forming a pleural
hernia. By lengthening the intervals between the refills
and regulating the quantity of gas given (at the same time
taking care that the lung did not re-expand and produce
adherence of the two layers of pleura) the mediastinum
returned to the normal position and the loss in weight at
once stopped.

Dr. Riviere (13, p. 155) points out that although with
left-sided pneumothorax a considerable degree of mediastinal
displacement may occur with very few symptoms, and often
the intrapleural pressure remains low and may even be
negative, this is not the case with right-sided pneumothorax.
Here severe dyspneea is common. He suggested that the
mediastinum should never be displaced beyond ecarrying
the deep cardiac dullness to the right nipple line in a left-
sided pneumothorax, or to the left anterior axillary line
in a right-sided pneumothorax, however low the intrapleural
pressure may be,

Pleural Hernia.—Occasionally the pleura forms a hernia
which protrudes through the mediastinum to the other
side, or between the ribs forming a superficial tumour.

The common sites for bulging beyond the mediastinum
are in the anterior mediastinum between the second and
fourth sterno-costal articulations and in the lower part of
the posterior mediastinum. These hernize can be diagnosed
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only by X-ray, and cause no symptoms as a rule. In one
case I saw a pleural hernia in the fourth left intercostal
space 1n the mid-axillary line. When the patient coughed
there was a swelling about the size of a hen’s egg in this
situation. It could easily be reduced and the air could be
heard and felt re-entering the pleural eavity.

Febrile Reaction.—Formerly, when more gas was given at
the initial induction of pneumothorax, reactions were com-
mon, but now it is rare to obtain even a mild one. At
the same time, symptoms of toxamia often disappear very
quickly after a severe reaction, whereas, now that the lung
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Fic. 17.—A. Initial operation, 400 c.em.; B. lst refill, 550 c.em. ; C,
2nd refill, 600 c.cm. ; D. 3rd refill, 600 c.cm. ; E. 4th refill, 700 c.cm.

is collapsed more gradually by small frequent refills, it
takes longer for the temperature to fall and the symptoms
to subside. The effect of reaction is discussed in Chapter
VIII. under Shock Therapy.

Most authors think that reactions should be avoided, and
prefer the gradual collapse of lung, and I agree that this is
generally the best procedure. It is a mistake, however, to
be bound by any hard and fast rule, and if the patient fails
to improve with small vefills, large ones should be tried and
will often do good in spite of reactions. Fig. 17 shows a
series of reactions after refills of moderate amount, and
it will be noticed that the temperature soon became
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level (4, p. 45). The patient now (November, 1930) is well
and at work.

Infection of the Track of the Needle.—Ordinary pyogenic
infection does not occur if aseptic precautions are taken,
but a fistula may follow aspiration of a tuberculous empyema.
Sometimes this will heal quickly with a little ultra-violet
ray treatment, but often it persists and adds considerably
to the gravity of the prognosis.

Perforation of the Visceral Pleura.—It sometimes happens
that a rupture of the visceral pleura occurs and converts
the artificial pneumothorax into a spontaneous one. This
is a very serious complication, and usually leads to a fatal
pyopneumothorax. The symptoms are sudden pain in the
chest accompanied by a rise in temperature which becomes
hectic. The patient is acutely ill, an effusion soon forms
and becomes purulent. The intrapleural pressure may be
much increased if the perforation is valvular, and the patient
will be very dyspnceic until some gas is removed. Breath
sounds over the pneumothorax cavity are amphoric, metal-
lic tinkling is heard, and there is usually much displacement
of the mediastinum. Perforation of the lung which occa-
sionally occurs during a refill very rarely leads to any serious
consequences, for the small puncture usually closes up at
once. The serious rupture is most common where an adhe-
sion joins the visceral pleura and a tear results from the
sudden increase of intrapleural pressure during cough.
Occasionally a thin-walled cavity or an area of caseating
lung may rupture, and it is not uncommon for a pyopneu-
mothorax to rupture through the visceral pleura and leave a
gaping communication between the lung and pleural cavity.

Dr. Hutchinson (22) describes a series of cases which he
believes to be due to a slight rupture of lung producing an
effusion, but soon healing. He points out that an effusion
is often preceded by a sudden rise of temperature which
gradually falls and is very similar in type to that seen in
ordinary spontaneous pneumothorax. Moreover, if the



200 ARTIFICIAL PNEUMOTHORAX

intrapleural pressure is taken in these cases, it is often found
to be raised before any effusion has formed. This is a
plausible explanation of the rise of intrapleural pressure,
which undoubtedly does frequently precede the develop-
ment of effusion in pneumothorax cases and there is no
reason why a rupture should not occur and heal quickly,
Just as it may do in ordinary cases not treated by artificial
pneumothorax. It is very different, however, from the
sudden rupture with obvious signs and serious consequences,
leaving an open communication between the lung and
pleural cavity, and invariably resulting in pyopneumothorax,
which is usually meant when rupture of lung is spoken of
as a complication of artificial pneumothorax.

Of course, spontaneous pneumothorax may occur on the
untreated side during collapse therapy and produce bilateral
pneumothorax.  This happened in two of my eases and both
died.

In six of my first 884 cases of artificial pneumothorax (20)
rupture of the visceral pleura on the treated side occurred.
Two of these were non-tuberculous patients, and both
recovered. The other four were cases of pulmonary tuber-
culosis and all died ; a pyopneumothorax developed in each
case. Of Forlanini’s 189 cases, rupture of lung occurred in
eight, and all died.

Burland (21) describes nine cases. Of these three died
within the first month and four in from three to six months,

It must, therefore, be regarded as a very serious complica-
tion, which not only justifies, but necessitates, drastic
treatment. When the rupture occurs in a collapsed lung
the perforation tends to remain open, whereas in an ordinary
case of spontaneous pneumothorax the collapsing lung tends
to close the perforation and allow healing to take place.
The treatment, therefore, is usually that of spontaneous
pneumothorax where the perforation does not heal, and is
described in Chapter VI. It may here be summarised as
follows :—
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1. Relieve urgent dyspnecea by removing gas from the
pleural cavity and, if necessary, leave in the cavity a needle
connected with a rubber tube, the lower end of which is in
a bowl of water on the floor, thus allowing gas to leave, but
not to enter, the pneumnt]mrax cavity.

2. Clean out the pleural cavity by aspiration and, if
necessary, by washing it out with 1 in 5,000 solution of
methylene blue.

3. Restore the general health as far as possible by glucose,
tonics, fresh air, ete.

4. If the perforation remains open and the lung shows no
sign of re-expanding, thoracoplasty should be performed
early, as soon as the patient has recovered from the initial
shock and when his general condition is good. The longer
operation is delayed, the less will be the chance of a success-
ful result.

Thickened Pleura.—This may occur when there is no
effusion, but is especially frequent in cases of long-standing
pyvopneumothorax. The collapsed lung may be so bound
down by pleura that re-expansion is impossible, and in that
case, whether there is an effusion or not, the lung is per-
manently useless and the pneumothorax cavity a source of
possible danger, so it should be closed by thoracoplasty.

After pneumothorax treatment has finished, the visceral
and parietal pleura are usually adherent and thickened,
so that it is not possible to re-collapse the lung. This is
not always the case, however, and I have re-collapsed a
lung seven months after the last refill. Vere Pearson (9)
succeeded in reproducing a pneumothorax in one case two
vears after the last refill.

Pleurisy.—A small lesion of pleurisy frequently leads to
the pleural layers becoming adherent and the disease
arrested. In cases of pneumothorax this cannot ocecur,
since the visceral and parietal pleura are separated by gas,
and consequently pleural effusion is a very common compli-
cation. Dry pleurisy may occur as a complication of
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artificial pneumothorax, and Riviere thinks it is not uneom-
mon at the site of puncture, especially if many punctures
have been made at the same place. The symptoms of dry
pleurisy are malaise, slight pain or aching in the chest,
and there is often a little tenderness on palpation over the
inflamed pleura. If a refill is given it is found that less gas
than usual is required to reach the former pressure. The
treatment of such cases is to keep the patient in bed and
apply antiphlogistine to the side. Saugman believed that
salicylates have a specific effect in these cases.

Pleural effusion is the most frequent complication of
artificial pneumothorax. There may be no symptoms or
the patient may complain of malaise and slight pain. Some-
times there is vomiting, and the condition resembles an
acute gastric disturbance. As a rule there is some pyrexia
for a few days. After three or four days, however, the
symptoms usually disappear, but occasionally the temperature
remains high and the patient’s condition becomes steadily
worse. In these latter cases it is found that the tuberculosis
is spreading in the lungs, and the development of the liquid
seems to have been the starting-point of a general breakdown,
though, fortunately, such cases are rare. The physical
signs of effusion are obvious: shifting dullness can be
demonstrated even if there is only a very small amount of
liquid : the level of the liquid is horizontal, and there is no
parabolic curve : vocal fremitus is absent over the liquid,
but present over the air-space above it : breath sounds are
usually absent, but often acquire a metallic quality,
especially over a small zone just above the level of the
liquid. The ecoin sound is usually well heard, and the
succussion splash is one of the best physical signs, and
can be heard even in the smallest effusions. The patient
will often complain of feeling liquid splashing about in his
chest.

X-ray shows the presence of liquid beyond doubt, but the
patient must be examined in the upright position. A very
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small effusion can often be detected only by X-ray examina-
tion.

Various explanations have been given to account for the
frequency of pleural effusion in cases of pneumothorax.
Irritation by the gas, its temperature, the repeated punc-
tures of the parietal pleura or the intrapleural pressure have
all been described as playing a part in the production of
effusion. In my opinion, however, these effusions are true
tuberculous exudates due to tuberculous pleurisy, and in my
experience they occur with equal frequency whether the gas
is heated or not, and whether air, nitrogen, carbon-dioxide
or oxygen is used, and in support of this view I would urge
the following considerations :—

1. Pleurisy is a common complication of pulmonary
tuberculosis and often leads to adherent pleura. If the
parietal and visceral pleura are separated, as they are in
cases of pneumothorax, one would expect effusion to form
when pleurisy occurred. In almost every case of tuberculous
spontaneous pneumothorax (where, of course, the disease
has spread to the pleura) effusion develops. This is not so
in non-tuberculous cases. Osler describes a case where no
effusion formed and a quick recovery occurred in a patient
who had no signs of tuberculosis and did not react to tuber-
culin.

2. The cytology of the fluid is that of a tuberculous exu-
date and not of a transudate.

3. Tubercle bacilli are not found in the early stages in
the effusion, but are almost invariably present in long-stand-
ing cases, and no other organisms have been found in any
of my cases.

4. Of the first 309 cases in which I have produced a suc-
cessful pneumothorax for pulmonary tuberculosis, a definite
effusion formed in 128, but of my first fifty-four cases of
non-tuberculous disease where pneumothorax was induced,
an effusion occurred in one only, and that was only a tran-
sient and small effusion in a case of acute pulmonary abscess.
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A percentage of 41-4 for tuberculous and under 2 for non-
tuberculous cases.

Hutchinson (22) thinks that effusion in tuberculous cases
is often the result of a small rupture of lung, and supports
his opinion by the facts that an effusion is often preceded by
a rise in intrapleural pressure, and that the temperature
which accompanies its development is very similar to that
seen in ordinary cases of spontaneous pneumothorax.

A small transient effusion is almost the rule in cases of
artificial pneumothorax, and if every case were examined
daily with the X-ray screen it would be seen in most cases
at some time or other as a small pool lying in the costo-
diaphragmatic angle. Such small collections of liquid,
however, are soon absorbed and are not important. Here I
include as cases of pleural effusion only those where it lasts
at least a week and covers the diaphragm.

Pleural effusion is not a serious complication of collapse
therapy and is often beneficial. It sometimes happens that
a patient, who is not doing well, starts to improve as soon
as an effusion forms, and eventually makes a good recovery.

The following table shows the results of effusion on a
series of 809 cases from my series (23). The cases are those
with medium resistance who have failed to improve after
other treatment ; C1 included those with unilateral disease,
C2 those with slight involvement of the other lung and C3
where there is involvement of a third or more of the better
lung :—

Cl. C2. C3.

Cases, Died. Cases, Died. Cases. Died.

Per Per Fer

cent, cent. cent.,

Total - : 126 24 | 190 | 135 47 | 34'8 48 33 | 687

Clear fluid . b o | 139 45 14 | 31-2 11 8| 729

No effusion - T 13 16-63 T2 2ucl 30-8 31 22 | 71-0

Pus : . 12 6 | 500 18 11 618 6 3| 500
I




PLATE XXIX

HyDROPYXEUMOTHORAYX WITH THE PATIENT LYING O THE HEALTHY SIDE.
NOTE THE DISPLACEMEXNT OF VISCERA AND FOSITION OF THE FIL.LUID LEVEL,

| To I|"rrr'r- B L) .



PLATE XXX

The SAME CAsE As Prate XXIX WITH THE PATIENT STANDING ON HIS HEAD.
THE FLUID HAS GRAVITATED TO THE APEX. AND THE BASE OF THE LUNG
AND DIAPHRAGM ARE VISIBLE.
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From which it will be seen that the development of clear
effusion does not inerease the mortality, but that when
the fluid is purulent the outlook is much more serious.
When there is extensive disease the mortality is high in all
cases.

Saugman (7) gives the following table :—

With effusion. Without effusion.

No. | Per cent. No. Per cent.

Able to work . ; 31 ‘ 378 24
i |

40-0
Unable to work Sl A 4-8 1-6
Dead 5 : = 48 278 a2 233
11l or dead from other

causes. : = — — I 3 ‘ 5-0

i

Here, too, there is very little difference between the dry
cases and those with effusion.

The effusion usually develops in the first six months of
treatment, and after twelve months it is rare.

The next table shows the number of months after the
induction of artificial pneumothorax when the effusion
formed in my series of 309 cases :—

1 to 3 months ; : . 45 cases

3to 6 ,, : g R e

7 to 12 - . ; -
13 to 18 - : : ; D& =
Over 18 o : : s B o

When fluid forms, a lung which was previously partially
expanded will become completely collapsed. This is very
constant, and is one reason why Hutchinson (22) thought
effusion in these pneumothorax cases was often due to
ruptured lung and consequently increased intrapleural
pressure.
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In some ecases, however, there is no rise of intrapleural
pressure when the effusion forms and yet the lung becomes
completely collapsed. It may be that the weight of the
liquid coming into contact with all parts of the lung as the
patient lies down or changes his position presses the air
out of the alveoli whatever the intrapleural pressure may be.
When the lung contains some air re-expansion is much
easier than in the case of a lung that is completely airless.

Jacot in an extensive study (24) of purulent effusion
complicating artificial pneumothorax, recognised four types
of cases.

1. In 36 per cent. of his cases the serous liquid developed
into tuberculous pus, but the patient’s condition remained
good.

2. In 16 per cent., after a period of wellbeing, the patient’s
condition suddenly became grave, there was a hectic tem-
perature and the pulmonary tuberculosis rapidly spread to
a fatal issue.

3. In 28 per cent. the purulent effusion began with
pyrexia, and the patient’s condition was bad, but eventually
improved and the case became the same as in the first type.

4. In 20 per cent. the purulent effusion followed rupture
of lung and all these cases were fatal.

The treatment of pleural effusion complicating artificial
pneumothorax depends on many factors, and each case must
be taken on its merits. If the fluid is left it will usually
cause obliteration of the pneumothorax cavity by pleural
adherence and fibrosis, starting at the bottom of the pleural
cavity and working upwards. If this result is desired the
fluid should be left, but the patient must be kept under
observation lest complications arise, such as pyrexia, change
of the fluid to pus, displacement of the mediastinum. Many
cases of pneumothorax which terminate by obliteration in
this way do very well, for, as the lung is drawn out, a satis-
factory fibrosis develops over the diseased areas and the
healthy parts of the lung begin to function once more.



PYOPNEUMOTHORAX 207

If, however, it is decided to maintain the pneumothorax,
the effusion must be aspirated and replaced by air to pre-
vent obliteration of the pneumothorax cavity. Usually
after one or two aspirations the fluid does not reform.

In replacing fluid the quantity of gas required is less than
that of the fluid removed; roughly speaking, about a
quarter the quantity is sufficient. In one case 225 c.cm. of
fluid was removed and 200 c.cm. of air given, the pressure
being changed from —8 —0 to 0 + 6.

In another case the initial pressure was —17 —9. After
removing 600 ¢.cm. of fluid it became —22 —13, and after
another 200 c.em. had been removed it was —28 —13.
On adding 200 c.cm. of air the pressure at once rose to
—16 —9, another 200 c.cm. of air made it —10 —6, and
after a further 200 c.em. it became —4 —0. Thus the
removal of 800 c.em. of fluid lowered the pressure from
—17 —9 to —28 —15, but the addition of 600 c.cm. of air
raised it to —4 —0.

The methods of fluid replacement and washing out the
pleural cavity have been described in Chapter VI. I
prefer to use two needles in most cases so that air can enter
through one as the fluid leaves through the other, and by
this means the intrapleural pressure can be kept constant,
raised or lowered at will. It is not wise to let the pressure
alter too quickly, and too low a pressure is apt to cause
symptoms which are sometimes very severe, such as dys-
pneea, faintness or paroxysm of cough.

If the fluid is purulent the case is very much more serious,
although I have had several patients with large purulent
effusions who made good recoveries. The pus should be
aspirated and the pressure kept as low as possible in order to
help the lung re-expand. If the lung does re-expand the
outlook is hopeful, and a satisfactory termination of the
treatment by obliteration of the pneumothorax cavity may
be expected. Sometimes even after failure of simple aspira-
tion and lavage, oleothorax may succeed in checking the
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formation of the pus and eventually allowing the lung to
re-expand. If, however, there is no sign of re-expansion
the patient will probably have a permanent pyopneumo-
thorax, and be liable to any of the various complications
of that condition. In such a case thoracoplasty should be
performed as soon as possible, if not contra-indicated by the
condition of the other lung, In some cases it may be neces-
sary to wash out the pleural cavity first to get it in as clean a
condition as possible ; 1 in 4,000 solution of methylene blue
may be used for this purpose. A preliminary operation for
phrenic evulsion may also be performed and some surgeons
do this as a routine before the major operation. Sinee the
lung cannot expand, it is permanently useless, and therefore
thoracoplasty cannot affect its function. The object of the
operation is to close the pleural cavity and not to immobilise
the lung as in other conditions.

The Effect of Artificial Pneumothorax on
Vital Capacity

Case 1.—Male, twenty-cight. Onset of pulmonary tubercu-
losis, March, 1929. Sanatorium treatment, July to Decem-
ber, 1919. March, 1920, tubercle bacilli present. Signs of
active disease at the apices of the upper and lower lobes on
the left side. Vital capacity, 2,570 c.cm. Percentage, — 41.

July.

V.C., 2,450 c.cm. Percentage, — 44.

August 23rd.

V.C., 2,250 c.em. Percentage, — 48-5.

August 27th.

Artificial pneumothorax. 900 c.em. of air intro-
duced, the end pressure, — 1. An hour later :
V.C., 1,560 c.em. Percentage, — 65.

August 30th,

Before the first refill. Pressure, — 6-5.
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V.C., 2,050 c.cm. Percentage, — 58.

One hour after refill of 900 c.em. of air and pressure,
— 2.

V.C., 1,680 c.cm. Percentage, — 61-6.

September 2nd.
Before the second refill. Pressure, — 5.
V.C., 1,900 c.em. Percentage, — 56-5.
One hour after refill of 800 c¢.em. and pressure 0.
V.C., 1,400 c.cm. Percentage, — 68.

This case illustrates the effect of large initial doses. The
patient’s vital capacity was getting gradually worse before
treatment. 900 c.em. of air reduced the vital capacity by
690 c.em. Three days later the vital capacity increased
490 c.cm. and fell 370 c.cm. on the addition of 900 c.em. of
air into the pleural cavity. Three days later it rose 220 c.em.,
and was reduced 500 c.cm. by a refill of 800 c.cm.

Case 2.—Male, aged nineteen. Two years’ history of
pulmonary tuberculosis. Signs of extensive disease of the
right lung. Tubercle bacilli present.

September 2nd.
Before artificial pneumothorax.,
V.C., 2,880. Percentage, — 45-8.

September 8rd.
Twelve hours after 700 c.em. of air had been intro-
duced. End pressure, — 2-5.
V.C., 1,800. Percentage, 58-7.

September 6th.
Seventy-two hours after the first refill. Pressure,
— 4,
V.C., 2,450. Percentage, — 486.
Two hours after 600 c.cm. of air had been intro-
duced.
Pressure, — 0-5.
V.C., 1,700. Percentage, — 60-8.

P.T. =
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September 8th.
Forty-eight hours sinece the second refill.
V.C., 2,050. Percentage, — 58,

September 9th.
Two hours after the third refill of 900 c.ecm. Pres-

sure 0,
V.C., 1,500. Percentage, — 65-5.

Case 3.—Male, aged twenty-three. After one year’s
pneumothorax treatment for pulmonary tuberculosis and
four weeks since the last refill. Intrapleural pressure, — 6.

V.C., 2,180. Percentage, — 52.

One hour after a refill of 1,200 c.cm. Pressure,
-+ 8.

V.C.,, 1,700. Percentage, — 62-8.

Again four weeks since last refill. Pressure, — 5.
V.C., 2,440. Percentage, — 46-5.

One hour after a refill of 1,500 c.em. Pressure, 4 9.
V.C., 1,570. Percentage, — 65-6.

Again four weeks since last refill. Pressure, — 1.
V.C., 2,100. Percentage, — 54.

One hour after a refill of 800 c.em. Pressure, -+ 8.
V.C., 1,680. Percentage, — 63-2,

Again four weeks since last refill. Pressure, — 4-5.
V.C, 2,410. Percentage, — 47.

One hour after a vefill of 1,300 c.em. Pressure, 4 5.
V.C, 1,720. Percentage, — 63.

Again four weeks since last refill. Pressure, — 4.
V.C., 2,310. Percentage, — 49-4.

One hour after refill of 1,300 c.cm. Pressure, + 4-5.
V.C,, 1,650. Percentage, — 64.

From this it would appear that an intrapleural pressure
of — 4:5 is the optimum pressure. Pressures of — 6 and — 1
give a worse vital capacity.

Case 4.—The following two cases illustrate the re-expansion
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of lung. Male, aged fifty-one. After over two years of
pneumothorax treatment for pulmonary tuberculosis.

Before a refill.

V.C,, 1,870. Percentage, — 46-7.

Three months after completion of treatment.
V.C., 2,480. Percentage, — 29-1.

Case 5.—Male, aged thirty-one. After two years’ pneumo-
thorax treatment for pulmonary tuberculosis and six weeks
since the last refill. Intrapleural pressure, — 8.

V.C., 8,070. Percentage, — 49-9.

One hour after refill of 1,100 c.cm. Pressure, 4 7.
V.C., 2,550. Percentage, — 55-5.

Again six weeks since last refill. Pressure, — 8.
V.C., 8,220. Percentage, — 44:6.

One hour after refill of 1,100 c.em. Pressure, 4+ 10.
V.C,, 2,600. Percentage, — 58-5.

Five months after completion of treatment.

V.C., 8,490. Percentage, — 89-5.

Eight months after completion of treatment.

V.C., 8,780. Percentage, — 84-5.

Case 6.—Male, aged thirty. Infiltration of the upper and
lower apices of the left lung. Tubercle bacilli present.

Before pneumothorax treatment was started.

V.C., 2,660. Percentage, — 22-2.

After a year’s treatment. Intrapleural pressure,
— 17.

V.C., 2,200. Percentage, — 856,

An hour after removing 500 c.cm. of liquid and
introdueing 1,000 c.cm. of air. Pressure, -} 13.
V.C., 2,080. Percentage, — 89.

Six weeks later. Pressure, — 16.

V.C., 2,860. Percentage, — 31.

An hour after a refill of 500 c.cm. of air. Pressure,

-+ 18.
V.C., 2,210. Percentage, — 85-5.
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Here great changes in pressure cause a very slight altera-
tion in the vital capacity, probably because the lung was
fully collapsed by the liquid.

Analysis of Cases treated by Artificial
Pneumothorax

Dr. Riviere (18, p. 231) refers to the dangers of judging
the results of any form of treatment in cases of pulmonary
tuberculosis. He points out that no two cases are exactly
alike, and that the methods of classification and analysis
of the cases by different authors vary considerably, so that
it is difficult to compare one series with another. However,
he published the results of treatment of a large number of
cases by various authors, and, although these figures do not
really help one to form an opinion as to the value of pneumo-
thorax treatment, they do go to show that a large number
of patients who have had the treatment are well enough to
work many years later.

Tables giving the results of any treatment in pulmonary
tuberculosis are always misleading, because it is impossible
to decide how much of the effect—good or bad—was due to
the special treatment under review and how much to routine
or other methods. Moreover, the chances of a relapse vary
enormously according to certain factors, such as the patient’s
home condition, habits, temperament, means, ete.

One should also remember that certain methods of treat-
ment are only employed if the patient is doing badly.
Artificial pneumothorax, for example, is practically never
induced in the case of a patient who has early disease and
appears to be getting on well without it.

The following figures, therefore, are not intended to
illustrate the results of artificial pneumothorax as com-
pared with the results of other methods of treatment, but
they do show the types of case for which the treatment was
employed and the chances of certain dangers and complica-
tions.
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The series consists of the first 500 cases in which I induced
or attempted artificial pneumothorax for pulmonary tubercu-
losis. During the same period there were seventy-one cases
of non-tuberculous disease and twenty-six cases of sponta-
neous pneumothorax. They were all treated between the
yvears 1918 and 1926. Including unsuccessful attempts to
induce a pneumothorax and refills, the pleura was punctured
10,141 times in the series.

The following accidents occurred from these 10,141
punctures :—

1 case of fatal pleural shock.

3 cases of collapse and alarming symptoms, but recovery
without bad after effects.

17 cases of faintness or mild shock.
8 cases of bad surgical emphysema ; all recovered.
57 cases of slight local surgical emphysema.

4 cases where a large vessel or the heart was punctured,
and blood rushed up the pneumothorax tubing, but
no ill-effects followed.

2 cases had what I thought to be mild gas embolism, but
both quickly recovered.

A sinus developed along the track of the needle in five
cases with tuberculous pyopneumothorax. In no
other type of case was there any infection of the
needle track.

During the treatment there were the following complica-
tions in this series :(—

Spontaneous pneumothorax on the opposite side occurred
in three cases and proved rapidly fatal.

Four patients had operation for appendicitis during the
treatment and one died.

Six patients were confined during the treatment. In one
an acute exacerbation of disease occurred in the
untreated lung, but the other five suffered no ill-
effects,
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Of the 500 tuberculous cases an effusion developed in 177.
In 123 of these it was clear and in 54 tuberculous pus. In
no case was any organism found except the tubercle
baeillus.

Of the non-tuberculous cases in this series an effusion
developed in one only, and this was a case of acute abscess
where some clear fluid formed, but was very small in amount
and was quickly absorbed.

In 46 of the 500 cases a pneumothorax could not be
induced owing to adherent pleura, of the remaining 454 the
pneumothorax was induced at the first attempt in 429, at
the second in 17, and at the third or fourth in 8.

249 were left-sided, 289 right-sided, and 12 bilateral
cases. No difference in result was noticed, whether the
case was right- or left-sided.

244 were males and 256 females.

Of the 71 non-tuberculous cases artificial pneumothorax
was induced or attempted for the following reasons :—

Bronchiectasis : : . 28
Abscess of lung . ; ; e
Recurrent hemoptysis . ; S
Pain of pleurisy . : : o
Replacing pleural effusion - e o5
Diagnosis . : : | s

Of the 26 cases of spontaneous pneumothorax 17 developed
tuberculous pyopneumothorax, and of these 14 died. Of the
3 who are not dead 2 had thoracoplasty. 9 did not develop
purulent effusion, and only 2 of these are dead.

I divided the tuberculous cases into the following groups :—

A. Acute pulmonary tuberculosis.

C. Cases with medium resistance who failed to get on
under other treatment.

1. Unilateral disease.
2. Slight involvement of the other lung.
3, A third or more of the better lung involved,



PLATE XXXI

CoMPLETE UOLLAPSE OF RBiznr Lung pURING ARTIFICIAL PxEUMOTHORAX
TREATMEXNT, 1923,

i?'r.lllll'rrr'r Iff. 2!'.



PLATE XXXII

THE SAME CAsE As Prate XXXI, BUT TAKEN 1IN 1928. THE PATIENT IS XOW
WELL AND AT WORK. NOTE THE COMPLETE RE-EXPANSION OF THE RIGIT

LUNG, WITH FIBROSIS AND DISPLACEMENT OF THE HEART.
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The following table shows the number in each group with
the number of deaths :—

| Total Cases. No. Dead. Male. Female.
|
. LA 16 9 4 12
Gl 163 43 83 &0
Ei2. 173 71 91 82
et 58 50 28 30

In 44 cases there was too much adherent pleura to allow
a sufficient collapse to produce any effect, and of these 32

are dead.

In 46 cases no collapse at all could be obtained, and of
these 32 are dead.
The following table shows the incidence of effusion in the

four groups :—

Total

Cases. Clear Effusion. Pus.

A. 16 2 0

(Of these 3 are dead.)
C. 1 163 50 19

(Of these 13 are dead.)(Of these 13 are dead.)
.2 173 56 25

(Of these 22 are dead.)|(Of these 28 are dead.)
C.3 58 12 10

(Of these 10 are dead.)

(Of these 10 are dead.)

The next table shows the number of months from the
onset of treatment to death in those in this series who died :—

Months, 0-6. | 6-12, | 12-18. | 18-24. | 24-36. | 36-48. | 45-60. | OFe
A . : i o 1 — - - — — —
c. 1 " 1 1 4 a 11 10 9 o
C. 2 : 3 3 9 15 22 12 4 3
C.3 ! | 10 15 7 12 b —_ — | 1

P

L
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From this analysis the following conclusions may be
drawn :—

1. That artificial pneumothorax is a safe method of treat-
ment. Complications may occur, but are rare and certainly
no greater than those which may happen during other
methods of treatment. Indeed, pneumothorax tends to
prevent certain complications— for example, no case of fatal
haemoptysis occurred in my series during the treatment.

2. Unilateral cases do much better than bilateral ones,
and when there is much disease in the untreated lung pneumo-
thorax has no effect except that it may prolong life for a short
time.

3. The development of a clear effusion does not affect
the patient’s chance of recovery. The effusion is a tuber-
culous exudate, and does not occur in the non-tuberculous
cases.

4. The development of tuberculous pus, however, makes
the outlook very serious.

5. In the majority of cases life is prolonged by artificial
pneumothorax.

Drs. R. C. and R. W. Matson and Bisaillon (26) deseribe
the results of 492 cases of pulmonary tuberculosis treated by
artificial pneumothorax. They exclude all cases then under
treatment or treated within the last two vears, so as to show
the later rather than the immediate results. They admit
that certain factors influence the result ; for example, the
environmental and social conditions of the patient, his
temperament and willingness to give loyal co-operation in
the treatment, etc., but under favourable conditions they
believe the end result depends on :—

1. The type of the disease.

2. The character of the pneumothorax.

3. The condition of the opposite lung.

They divide their cases into five groups :—

1. Chronic fibro-caseous disease progressive in character,
but with little or no cavitation,
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2. Chronie fibro-caseous disease more advanced than the

first group, progressive in character and with demonstrable
cavitation.

3. Chronic fibro-caseous disease with cavities, but not
progressive.

4. Acute pulmonary tuberculosis. All were cases of
rapidly-advancing disease.

5. Chronic bilateral cases with cavities in both lungs.

Cases. Ulin'iﬂi-!a.liy Arrested. Dead.
Wwall.

Group I. . g Per cent. | Per cent. | Per cent.
Satisfactory enlhpse 99 53 15 21
Partial collapse sl 62 1Y 19 46
No collapse . RIS EE 15 12 54

Group I1I. . ol 1 L
batlsfantnrv cuilapse 71 40 32 15
Partial CDHHI}‘::E Sl 11 17 48
No collapse . sl ae 5 8 61

Group I11.. : i
Satisfactory collapse 21 43 24 28
Partial collapse = 22 13 9 66
No collapse . : 9 0 22 44

Group IV, . : ; 39
"aatzsfactorv collapse 13 46 /i 23
Partial collapse | [ 6 G 76
No collapse . ; 9 0 0 97

Group V. . : 30
Satisfactory m}ldpae T 42 0 57
Partial collapse . 12 8 16 58
No collapse . : 11 0 18 6
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CHAPTER XII

TREATMENT—Contd.
Oleothorax and Surgical Procedures

Oleothorax.—This consists in introducing medicated oil
into the pleural cavity. Olive oil or paraffin may be used,
and some 5 per cent. oil of gomenol is generally added as an
antiseptic. In the case of paraffin, eucalyptus may also be
added, as it aids the solution of the gomenol. A preparation
containing paraffin 94 parts, gomenol 4 parts, and euecalyptus
2 parts is a common formula. It is said that olive oil keeps
the pleura soft, but paraffin renders it hard. For this reason
paraffin is best if there is a superficial cavity, or if it is
required to thicken the pleura in a case ol displacement
of the mediastinum with pneumothorax. Olive oil is best
if it is desired to allow re-expansion of lung shortly. Liquid
paraffin may remain unabsorbed for many months, but olive
oil is absorbed somewhat more quickly. The rate of absorp-
tion varies in different cases and under different conditions.
According to Bernon (1), olive oil is saponified and quickly
absorbed in cases of pyothorax.

The indications for oleothorax are :—

1. In a case of obliterative pneumothorax the introduction
of o0il delays the process of obliteration, and will often keep
up sufficient collapse to be useful for many months.

2. In cases of adhesions. Not only will the oil act as an
obstruction, preventing the closure of the pneumothorax
cavity, but it may lead to the stretching of the adhesions,
thus converting a partial and useless pneumothorax into a
useful one.

3. Recurrent pleural effusions associated with fever and
toxic symptoms in artificial pneumothorax may be pre-
vented by oleothorax,

219
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4. To replace tuberculous empyema.

5. To clean the pleural cavity in the case of tubereulous
empyema either pure or secondarily infected preliminary to
thoracoplasty.

6. In cases of spontaneous pneumothorax or ruptured
lung in artificial pneumothorax if pyopneumothorax develops
the pus may be aspirated and oieothorax produced. If the
perforation in the visceral pleura is large, it will not heal,
and thoracoplasty will become necessary. A small pleuro-
pulmonary fistula may, however, heal, as indeed it may
after simple aspiration with or without washing out the
pleural cavity. Ruptured lung followed by pyopneumo-
thorax is a very serious condition, and oleothorax has
undoubtedly proved successful in a few cases that appeared
hopeless.

7. To maintain a selective pneumothorax after the normal
part of the lung has been allowed to re-expand.

8. In the case of a mobile mediastinum which is easily
displaced and interferes with treatment by artificial pneumo-
thorax, oleothorax may thicken the structures and prevent
bulging of the mediastinum. Chandler and Gloyne (2) con-
ducted a thorough investigation of the effects of oleothorax
with animal experiments. They found that lipiodol and
gomenol have only very slight bactericidal effect on tuberele
bacilli. Adhesions produced in infected rabbits showed
histological signs of tuberculosis. In normal rabbits the
introduction of gomenol into the pleural cavity has no
harmful effect, but causes the formation of soft sterile
oleaginous adhesions. No toxic effect on any distant tissue
was produced. Paraffin wax remains sterile and produces
firm adhesions if introduced into the pleural cavity of rabbits.
They also found that in man sterile olive oil and gomenol
used to replace pleural effusion is harmless and often of great
clinical value.

Oleothorax is fully discussed by various authors: Ber-
non (1), M, Couland (6), Fontaine (5) and Kuss (8), in the
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ninth volume of the Revue de la Tuberculose, 1928, pp. 714—
779. Bernon (1) discusses the technique of the procedure.
Each case must be treated on its own special peculiarities,
and there can be no rule as to the quantity of oil to be given,
or for how long the oleothorax should be maintained. Each
case wants careful control by clinical and X-ray examination,
and a manometer should be used to judge the pressures of
the oil in the pleural cavity. Kuss (3) gives a full account
of the advantages and disadvantages of oleothorax. Cour-
coux, Tobe and Mlle. Raphael (4) describe the effect of oleo-
thorax in chronic purulent tuberculous empyema. Mlle.
Fontaine (5) gives the results of 100 cases treated by oleo-
thorax for various causes. Couland (6) describes the case of
a woman aged twenty-seven, in whom a left pneumothorax
had been converted into an oleothorax with good results.
Some months later symptoms of toxemia with signs in the
right lung appeared, and a right-sided pneumothorax was
attempted. Owing to adhesions, only a very limited pneumo-
thorax could be obtained. Oil was therefore introduced, and
although at first reactions were produced, after a time 1t was
possible to obtain a satisfactory though limited pneumo-
thorax on the right side as well as the total one on the left,
and the symptoms disappeared. Dr. Gilbert, of Leysin (7),
after seven years’ experience of oleothorax, gives the
following classifications of conditions for which it may be
considered :—
1. Pleurisies of pneumothorax.,
A. Acute sero-fibrinous pleurisy.
Here oleothorax is contra-indicated during the
acute stage as the irritation of the oil would aggra-
vate the condition. Only if adhesions follow
this type of effusion should oleothorax be con-
sidered.
B. Repeated acute pleurisy.
Here oleothorax is indicated, not during the acute
stage, but between the attacks. The effusion should
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be completely aspirated and some 200-300 c.cm. of
oil injected.
C. Puriform effusion.
Especially if tubercle bacilli are present in large
numbers, oil containing 2-5 per cent. gomenol should
be introduced after removing the fluid. If the fluid
reforms it should again be replaced by gomenol
solution. Several aspirations may be necessary.
D. Serofibrinous pleurisy with chronic subfebrile evolu-
tion.
In this condition there is prolonged but not severe
pyrexia with constitutional symptoms, and although
it sometimes subsides, there is a tendency for it to
progress to a tuberculous empyema.
E. Purulent tuberculous pleurisy.
This 1s a very serious complication of artificial
pneumothorax, and is accompanied by fever and
toxemia. It is associated with an acute caseous
pleurisy. Aspiration of the pus and replacement
with large quantities of gomenol in olive oil has the
double advantage of disinfecting the pleura and
maintaining the collapse of the underlying lung.
This treatment may be successful, but even if it is
not, and subsequently thoracoplasty becomes neces-
sary, it will have cleared the pleural cavity to some
extent, reduced the toxemia and rendered the
patient better able to undergo thoracoplasty.,
F. Purulent pleurisy secondarily infected.
In these cases the pleural cavity should be washed
out with saline before the oil is injected.
2. Pleuro-pulmonary perforation.
Oleothorax may be successful in small, but not in
large perforation.
3. Cases of unsuccessful artificial pneumothorax collapse due
to insufficient compression.
4. To prevent progressive adhesion of the pleura,
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5. To overcome mediastinal laxity combined with an exag-
gerated pleural elasticity.
6. To replace air refills.

Dr. Gilbert points out, however, that as the control of an
oleothorax is more delicate than that of a pneumothorax, it
is hardly justifiable to substitute oleothorax for artificial
pneumothorax without some special indication.

Sometimes the pleura is sensitive to the oil, and a febrile
reaction follows its injeetion. For this reason it is wise first
to inject only a small quantity of oil, and a day or so later
produce the oleothorax if there has been no reaction. Apart
from this, the only complication is the formation of an
effusion which together with the oil produces displacement of
the mediastinum and a high intrapleural pressure. It is
therefore essential to keep a patient treated by oleothorax
under constant medical supervision. The oil is less dense
than an effusion as seen under X-ray, so that the levels of the
oil and of the effusion can be determined if the patient is
examined by X-ray in the upright position.

To replace an effusion with oil the fluid should first be
aspirated and replaced by air ; 10 c.em. of olive oil containing
5 per cent. gomenol should then be injected into the pleural
cavity. If there is no reaction after forty-eight hours,
400-600 c.cm. of the oil may be introduced. If a larger
amount of oil is required, it should be given subsequently.

Two needles are required for the procedure, so that air can
leave through the upper one as the oil enters through the
lower. The upper needle is connected with a manometer,
and the pressure should be taken from time to time and kept
slightly negative. The lower needle i1s connected with a
Dieulofoy’s aspirator, and after any remaining effusion has
been aspirated, the oil which has previously been warmed is
slowly introduced into the pleural cavity. If the media-
stinum becomes much displaced, it will be found that the
pressure rises very little as the oil enters. The same thing is
seen when performing gas replacement, for after a certain
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quantity of fluid has been removed, a much smaller quantity
of air is required to restore the pressure.

If there is much displacement of the mediastinum, only a
small quantity—some 200 e.cm.—of oil should be given, and
this may later relieve the mediastinal bulge and allow more

oil to be given subsequently without displacing the media-
stinum.

REFERENCES

(1) BErNON, A. Rev. de la Tubere., 1928, IX., 742.

(2) CHANDLER, F. G, and GLOYNE, S. RoopDHOUSE, Tubercle,
1927, VL., 563.

(3) Kuss, M. G. Rev. de la T'ubere., 1928, IX., 714.

(4) Courcoux, ToRE, and MLLE., RAPHAEL. Rev. de la Tubere.,
1928, IX,, 761.

(5) FoNTAINE, J. Rev. de la Tubere., 1928, IX,, 769.

(6) Couranp, M. E, Rev. de la Tubere., 1928, IX., 775.

(7) GILBERT, M. Tubercle, 1930, XI., 385.



j}i\-" .HIUJIGL YSIJSI 225

Extrapleural Pneumolysis.—When, owing to adherent
pleura, an artificial pneumothorax cannot be induced, part
of the lung may be collapsed by stripping the parietal pleura
from the chest wall in the desired area and packing the space
with solid paraffin, wax, fat, or musele. Morriston Davies (1)
advises breast in the case of women and pectoralis major in
men.

When the apex of the lung is collapsed in this way it is
known as apicolysis, and has been advocated in cases of
apical tuberculosis if the apex eannot be collapsed by arti-
ficial pneumothorax or thoracoplasty.

The indications for the operation are :—

1. Active disease confined to the apices of the lungs if
pneumothorax fails owing to adherent pleura and there is too
much bilateral disease to justify thoracoplasty.

2. Apical cavity producing symptoms such as hemoptysis
or pyrexia if artificial pneumothorax cannot be induced.

To perform the operation, Morriston Davies (1) recom-
mends the removal of the second costal eartilage and possibly
part of the rib. When the areolar tissue between the pleural
membrane and the chest wall is reached, the pleura is stripped
away, thus freeing the lung, which retracts and draws the
parietal pleura with it. The gap left is filled with pectoralis
major muscle or breast tissue. If pectoralis major is used,
the muscle is dissected from the chest wall and humerus, but
the attachments to the clavicle are left so that a pedicled
graft is obtained. In the case of women, breast tissue is
dissected away from the skin, nipple and muscle, but left
attached by a tail in the axilla.

If wax is used it tends in time to find its way out through
the skin, and in one case the wax worked its way into the
bronchial tubes, and was coughed up in pieces many years
later. In this patient left artificial pneumothorax had been
tried, and failed owing to adherent pleura, and so extra-
pleural collapse was induced in Switzerland by inserting
800 c.em. of wax between the parietal pleura and the chest

P.T. 16
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wall. At that time the patient was cachectic and had tuber-
culous peritonitis in addition to extensive infiltration and
cavitation in the left lung. The immediate result was
very striking, he lost his toxic symptoms, tubercle bacilli
disappeared from the sputum, the peritonitis improved and
he was walking about a few months later. He remained
fairly well for about seven years, when symptoms began to
increase and a left-sided thoracoplasty was performed and
caused improvement for some time. He first began to cough
up pieces of wax twelve years after it had been inserted, and
this econtinued until his death some two years later.

In this case the treatment undoubtedly checked the
rate of spread of the disease and the patient, although suffer-
ing from advanced disease at the time, lived for fourteen
years.

In one of my cases where fat had been used in performing
an apicolysis, the place became septic and a large abscess
formed. It healed, however, and the patient was actually
better, the contracting scar tissue having produced a fair
collapse of the apex of the lung.

A similar result may be made by stripping the parietal
pleura over the diseased area and plugging with gauze which
is gradually removed. Lilienthal (2) advocates stripping the
parietal pleura and packing the space with pieces of rubber
and gauze, so that continuous pressure may be produced by
the elastic on the lung.

In my experience the results of apicolysis are disappointing,
and thoracoplasty is to be preferred if artificial pneumo-
thorax is impossible. In certain eases, however, when thora-
coplasty is contra-indicated, apicolysis may be the only treat-
ment to offer the patient any chance.
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Phrenic Ewvulsion.—Section or evulsion of the phrenic
nerve will cause paralysis of one half of the diaphragm, and
consequently those movements of the lungs which are con-
trolled by the diaphragm will cease. The operation is,
therefore, useful for giving additional rest to the lung.

Formerly it was the custom to divide the phrenic nerve,
and this often failed to produce paralysis of the diaphragm
owing to the frequent presence of accessory phrenic nerves.
Now, however, the nerve is twisted and some six or more
inches are removed. In one case Morriston Davies (2)
removed 49 em. (20 in.) of the phrenic nerve, 29 being the
trunk, and 20 em. the terminal filaments. He found
recovery of the diaphragm in only 1 out of 105 cases, and in
this one the muscle was paralysed and showed paradoxical
movements a month after the operation, but five months
later it was functioning normally. In this case 4 in. of
nerve had been removed.

The indications for phrenic evulsion are :—

1. To rest the lung in cases of tuberculosis. When the
disease is basal great improvement follows the operation,
and the disease often becomes arrested. In apical tuber-
culosis the result is not so striking, and in the majority of
cases no effect one way or the other is noted. The degree
to which the apex of a lung is affected by paralysis of the
diaphragm is a matter of dispute. There is little doubt
that the base is more affected than the apex, but cases have
been reported where X-ray showed diminution in the size
of apical cavities after phrenic evulsion, and most observers
admit that the operation does have some effect on the apex
of the lung. Practically, however, one may anticipate
good results in the rare cases of basal pulmonary tuber-
culosis, but not if the disease is apical or generalised.

2. To relieve symptoms. A dry, irritating cough or per-
sistent hiccup may be relieved by phrenie evulsion. In some
cases the same result may be obtained by injecting alcohol

into the nerve.
16—z
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3. To test the condition of the better lung before thoraco-
plasty. If after phrenic evulsion the patient has a foeal
reaction with signs of activity in the other lung, thoraco-
plasty should not be performed.

4. As a preliminary to thoracoplasty. This has become
a routine with many surgeons, and undoubtedly helps to
immobilise the lung.

5. To assist artificial pneumothorax. The operation is
especially valuable when there are adhesions to the dia-
phragm. In conjunction with pneumothorax, phrenic
evulsion may also be advised to reduce the size of the pleural
cavity if the lung expands quickly after refills. Thus the
intervals between the refills may be lengthened after the
operation. Edwards (1) finds the operation most useful for
patients of the industrial class who cannot leave their work
for frequent refills. In his series of 17 cases the refill interval
was extended appreciably in all but three cases, all of whom
had adhesions in the mid lobe on the right side. Patients
who could go for only seven days without requiring a refill
were able to go for three weeks or longer after phrenic
evulsion.

Phrenic evulsion is also useful in artificial pneumothorax
if there is a mediastinal bulge. By allowing the diaphragm
to ascend, the bulging or displacement of the mediastinum to
the other side is sometimes corrected.

6. To diminish the size of the pleural cavity. When the
pleura is thick and the re-expansion of lung very slow or in
cases of tuberculous pvopneumothorax phrenic evulsion may
be performed, and the rising diaphragm assists in the
obliteration of the pleural cavity.

7. To relieve the heart in cases of great displacement in
fibrotic cases. Morriston Davies describes six cases where
symptoms resulting from fibrosis and adhesions were
relieved by the operation.

In a report on 105 cases treated by phrenic evulsion,
Morriston Davies (2) comes to the following conclusions :—
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1. In true basal cases of tuberculosis it has been unques-
tionably of immense assistance in arresting the disease ;
but that with one brilliant exception it is of little use in cases
of basal bronchiectasis.

2. When the disease is generalised, but mainly unilateral,
some improvement, and at times of considerable degree, may
be expected in about 50 per cent. of the cases. This improve-
ment has been noticed in cases of bronchiectasis, as well as
in those suffering from tuberculosis.

3. As an accessory to incomplete artificial pneumothorax,
considerable benefit can be expected in a large percentage of
cases, particularly when the base of the lung is adherent to
the diaphragm, or it is desired to increase the interval
between the refills. Phrenic evulsion should always be done
before allowing a lung long collapsed to re-expand.

4. Hemidiaphragmatic paralysis will frequently produce
complete relief of distressing symptoms which are due to
irritation of the muscle or to distortion, or to drag on the
pericardium by adhesions.

5. Phrenic evulsion should always be done as a preliminary
to thoracoplasty. On occasion the result of the minor opera-
tion is so satisfactory that the major one becomes unneces-
sary.

6. As bronchiectasis is liable to develop as a sequela of
an unresolved pneumonia, phrenie evulsion should be done
as a prophylactic measure in all those cases in which resolu-
tion is still incomplete three to six months after the onset of
the basal pneumonia.

In most cases the operation is a simple procedure, and
Morriston Davies (3) gives a detailed description of the
technique. There are, however, certain difficulties and com-
plications. The nerve may run an abnormal course, and
fatal cases have been described where the vagus nerve was
evulsed in mistake for the phrenic. The subelavian vein has
been ruptured by too vigorous traction. Bleeding which
may occur as the nerve is being twisted, usually stops, how-
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ever, when the traction ceases. Sometimes there is pain, and
faintness may occur.

The effect of the operation varies considerably in different
cases. The dome of the diaphragm may rise as high as the
second rib, or there may be very little rise. The muscle of
the diaphragm atrophies and is converted into a thin layer
of fibrous tissue, so that as atrophy proceeds the dome of
the diaphragm rises higher in the pleural cavity. It is raised
more by the positive abdominal pressure than by the negative
pressure in the pleural cavity. The increased abdominal
pressure which accompanies cough will have a direct action
on the lung if the tone of the diaphragmatic muscle is
removed, and thus cough will be more effective in bringing
up sputum. Pain or useless cough due to diaphragmatic
adhesions will be lessened.

The effect on the apex of the lung is doubtful and is cer-
tainly not so great as on the base. Wolf (4) and other
observers consider apical cavities definite indications for
phrenic evulsion, but in my experience results in such cases
are disappointing. Campbell (5) gives an interesting account
of the value and limitations of the operation, and the view
held by most authorities at the present time is that it is
frequently of great value as an accessory to other methods
of treatment, but that by itself it is rarely of help in arresting
tuberculous disease of the lung.
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Thoracoplasty.—Tuberculosis spreads by the lymphaties,
and the lvmph flow is largely dependent on the movements
of the lungs.

The object of thoracoplasty is to immobilise the lung and
produce lymph stasis. The procedure differs from artificial
pneumothorax in that the collapse of lung is permanent,
and it should not be performed, therefore, until the patient
has a certain degree of resistance as indicated by fibrosis.
In the acute caseating cases, thoracoplasty is contra-indi-
cated, but artificial pneumothorax may be induced, and will
often check the disease altogether, or convert it into the
chronie fibroid type, in which case thoracoplasty may later
be possible. At the same time thoracoplasty should not be
too long delayed. When there is extensive fibrosis and
cavitation, the chances of the operation being successful are
much reduced. It is very difficult to close a large apical
cavity by thoracoplasty. Even if large sections of ribs are
removed and heavy sandbags employed afterwards to
approximate the cut ends, apicolysis frequently becomes
necessary.

Some disease in the better lung is present in most cases, and
does not necessarily contra-indicate thoracoplasty, although
the condition of the better lung is, of course, a matter of far
greater importance than if artificial pneumothorax is con-
templated. The degree of activity is of more importance
than the actual extent of the disease.

Hudson (6), whilst admitting that thoracoplasty may
incite rapid development of disease in the other lung if
the patient is unwisely chosen, remarks that slight lesions
in the other lung show an astonishing tendency to heal
after the main focus of disease has been dealt with by
operation.

Apart from the selection of the patient, it is most important
that the operation should be performed by a surgeon who
has special experience of this type of work. The technique
and the rapidity with which the operation is done make an
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enormous difference. The choice of anmsthetist is also a
matter of importance, not only to the comfort of the patient,
but also to the suceess of the treatment. Magill (7) advocates
nitrous oxide and oxygen after a preliminary narcotie con-
sisting of ommopon gr. 1 and scopolamine gr. 1=,

He thinks that paraldehyde or avertin per rectum are
contra-indicated in these cases, as it is important for the
patient to clear his lungs of sputum as soon as possible after
the operation. It is better if the surgeon gives an injection
of a 1 per cent. solution of novoecain in the region of each
intercostal nerve as soon as the ribs are exposed at the
beginning of the operation, as this reduces the liability of
shock when the ribs are divided. With this ansesthesia the
best results are obtained, and Magill thinks nitrous oxide
is better than ethylene. He refers to 202 thoracoplastie
operations without an anssthetic death, the five deaths in
this series being one on the second day from pulmonary
embolism, one on the sixth day from tuberculosis in the
other lung, one on the fourth and another on the twenticth
day from tuberculous pneumonia, and the other on the
eighth day from syncope.

The indications for the operation are :—

1. To close the pleural cavity when the lung is collapsed
and cannot re-expand. In cases where the general condition
of the patient remains good and the pneumothorax is dry,
the chest wall will usually fall in naturally ; this, together
with compensatory changes in the better lung, will usually
close the cavity in time without thoracoplasty, and there is no
urgency for the operation. In eases of tuberculous empyema,
however, and especially if associated with spontaneous
pneumothorax and an open perforation in the visceral pleura,
thoracoplasty will give the patient by far the best chance, and
it should be performed as soon as it is clear that the lung
cannot re-expand, and when the general condition of the
patient is at its best.

2. In any case where artificial pneumothorax is indicated
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but cannot be performed owing to adherent pleura, provided
always that

1. Disease (if any) in the better lung is not active.

2. The patient has a reasonable degree of resistance as

indicated by fibrosis.

3. Other general contra-indications are absent.

Confra-indications.—Apart from the essentials, namely,
power of resistance and absence of activity in the other
lung, certain other factors must be taken into consideration.
The condition of the heart is important. If there is dyspneea
or other cardiac symptoms due to fibrosis, and consequent
displacement of the heart, thoracoplasty may be beneficial,
but if the heart muscle is weakened by prolonged tuberculous
toxsemia, the operation will be much more serious, and the
chances of death from cardiac failure considerable.

The age of the patient must also be considered, and some
surgeons think the operation should not be performed in
those over forty-five years, although successful cases in
patients over fifty have been described. It is, however,
more a matter of the general condition and resistance of the
patient than his actual age.

Cases of left-sided disease do better than those where the
operation is performed on the right side, in some published
results the subsequent mortality being twice as great in the
right- as in the left-sided cases. In a case, therefore, when the
advisability of thoracoplasty is in doubt, the decision for
or against the operation may depend on whether the disease
is on the right or left side.

Thoracoplasty should not be performed as a last resort.
When a patient is desperately ill, emaciated, febrile and
toxie, an operation will add considerably to his sufferings.
If improvement occurs by other means, such as absolute
rest and general treatment, thoracoplasty may be possible
later, but if these methods fail the operation could not have
succeeded, and most probably would have hastened the end.

Archibald (1) stresses the importance of resistance, and
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does not operate unless there is evidence of satisfactory
fibrosis. Fibrosis causes displacement of the thoracic viscera,
and the presence of the trachea in the mid-line may be taken
as a contra-indication for the operation. He advocates thora-
coplasty, especially when the most affected lung is tending
to heal by fibrosis, but complete healing is prevented by
cavitation or insufficient yielding of surrounding tissues. It
1s an operation for the productive, and not for the exudative
type of case.

Of contra-indications, Archibald mentions the following :

1. Several large cavities in both lobes. In this case a very
partial and temporary improvement is the best that can be
expected, and will not compensate the patient for the suffer-
ing of the operation.

2. Activity in a chronic case, especially if due to spread in
the other lung. For these cases artificial pneumothorax,
phrenicotomy or absolute rest gives a better chance, and if
they do not improve they would not have done so with
thoracoplasty. ‘ The operation,” he says, *“ may tumble
them on the wrong side of the fence.”

3. Acute exudative progressive pulmonary tuberculosis,
even 1f apparently unilateral. Here a pneumothorax should
be induced.

He advocates resection of the ribs from the first to eleventh
near the angles. Collapse is produced by the inward spring
of the rib stumps and the natural elasticity of the lung.
Those movements of lung which depend on the ribs are
stopped, and the lung can be still further immobilised by
cutting the phrenic nerve and stopping the lung movements
dependent on the diaphragm.

The technique of the operation varies with different sur-
geons, and for descriptions of it the reader is referred to
the works of Lilienthal (2), Alexander (8) and Morriston
Davies (4). A large number of patients have now been
treated, and the mortality of the operation has been so much
reduced and the results so greatly improved, that in skilled



THORACOPLASTY 255

hands thoracoplasty need no longer be regarded as a dan-
gerous and almost hopeless procedure.

Discussing the after effects of surgical procedures in cases
of pulmonary tuberculosis Tudor Edwards (5) gives some
interesting figures showing the results of thoracoplasty.

Later in an address at the Portsmouth Congress of the
Royal Institute of Public Health in June, 1930, Tudor
Edwards gave the following figures illustrating the results
of thoracoplasty.

Cases 112,

Operation mortality within three months, 5 to 4-5 per
cent.

Of these, 3 died from pneumonia; 1 from pulmonary
embolism ; 1 from heart failure.

Of the remaining 107, treatment was completed in 94, of
whom 43 or 45-7 per cent. were able to work ; 24 or 25-6 per
cent. were much improved and fit for light work ; 8 or 8-5 per
cent. were slightly improved ; 3 or 3:2 per cent. were worse
or not improved ; 16 or 17 per cent. died later.

Of the 13 patients whose treatment was not completed,
5 had lost the tuberele bacilli from the sputum and were
taking full exercise ; 8 were improving.

In the remaining 5 the operation was too recent to judge
of the results. The mortality in his first 59 cases was 6-8 per
cent., but in the next 53 it was only 1-9.

Increased knowledge, with consequent better selection of
cases for operation, together with improved technique, per-
forming the operation in two or more stages, rapidity of
operating and modern methods of ansmsthetisation, have
reduced the mortality enormously. Archibald (8) divides a
series of cases into three groups : (1) Those having thoraco-
plasty for uncomplicated pulmonary tuberculosis; (2)
thoracoplasty for some complication arising in artificial
pneumothorax ; (3)thoracoplasty for tuberculous empyema,
but excluding grave mixed infections.,

The first group he subdivides into good, doubtful and bad
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cases, and had the following results one year or more after
thoracoplasty.

1. Uncomplicated pulmonary tuberculosis.

|
' o ‘ Practical Much Death due
CARRR, | ¢ - R 1 &
ure. mmproved, tooperation.
!
Good . 24 16 x 1
Doubtful 45 17 8 3
Bad 21 0 : 8
2. Complication of artificial pneumothorax.
: Death
Cages, | Fractical :!':[I'Ii[_'h due to
P cure. ST opera.-
proved. tion.
With partial pneumo-
thorax ; ; 9 4 2 0
Total pneumothorax, but
band overlying cavities 2 1 0 0
3. Tuberculous empyema.
| =
Death
“ Practical M.m h due to
Cases, im-
cure. i opera-
S tion.
I I
Chronic sero-purulent 6 2 | 2 0
Thick purulent 7 2 1 0

Gravesen (9) had the following results in 197 patients after
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thoracoplasty for pulmonary tuberculosis. There were 14
deaths (7-1 per cent.) from the operation ; 8 patients were
still under treatment and are not included.

Much improved ; ! : 4.5 238
Improved : : . : 88 46-6
No change i : : g 2 1-1
Worse . L : ; . 21 11-1
Died (including operation deaths) 33 17-5
REFERENCES
(1) ArcHiBALD, E. Canadian Med. Ass. Journal, 1928, p. 3.
(2) LatientHAL, H. *° Thoracic Surgery,” Philadelphia and
London, 1925.
(3) ALEXANDER, J. * The Surgery of Pulmonary Tubercu-

losis,”” London, 1925.

(4) Davies, H. MorrisToN. *° Surgery of the Lung Pleura,”
Oxford University Press, 1930,

(5) Epwarps, A. Tupor. B.M.J., 1928, ., 602.

(6) Hupson, B. “ The Modern Surgical Treatment of Pul-
monary Tuberculosis,” London, 1930, p. 87.

(7) MagiLy, I. W. Lancet, 1930, ., 295.

(8) ArcHIBALD, E. Canadian Med. Ass. Journ., 1929,XXI., 502.

(9) GrRAVESEN, J. Journ. St. Med., 1930, XXXVII., 333.



238 TREATMENT

Multiple Intercostal Neurectomy.—Alexander (1) found
that unilateral multiple intercostal neurectomy in dogs and
abbits greatly decreased the mobility of the hemithorax and
caused some decrease in its size. He performed the opera-
tion on 6 patients, and the results were good in 8. One had
the operation too recently for any conclusions to be formed.
In 1 case there was no result, either good or bad, and the
other patient died, the operation being a contributory
cause. Alexander advises phrenicectomy some two or three
weeks before the operation in order to reduce the size of the
pleural cavity.

In order to perform the operation, longitudinal incisions
are made over the angles of the ribs under local an®sthesia.
Two or more centimetres of the second to the eleventh inter-
costal nerves are removed. The operation is safe and painless.
The dangers and shock of thoracoplasty are avoided, so that
neurectomy can be used for a larger group of patients. Those
who are not bad enough to expose to the risk, as well as those
who are too ill to stand the shock of thoracoplasty, might
benefit from multiple intercostal neurectomy. Alexander
points out that the operation cannot be regarded as a sub-
stitute for thoracoplasty, although it may be a preliminary.
If a patient is too ill for thoracoplasty, he may improve
sufficiently to have it after intercostal neurectomy. Thoraco-
plasty closes the chest, which neurectomy cannot do to any
appreciable extent, and thus is not so satisfactory in the case
of a cavity or lesion which requires closing the lung as well as
resting it. A theoretical objection to intercostal neurectomy
is that by preventing or hindering expectoration spread of
disease and toxemia may occur from stasis. This did not
occur in Alexander’s cases, nor did he find any undue
dyspnaea.
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Synopsis of Pharmacology. By D. V. Cow, M.D.

With 15 Ilinstrations. 7e. 8d. nat,

Synopsis of Materia Medica, with Notes on Pres-
cription Writing. By J. Bvrwer, M.I). 4s. 84. net,

A Text-=-Book of Materia Medica for Students of
Medicine, By C. R. Mansmirnr, M.D. 127 Tllostrations. 10:. 84. net.

Southall’s Organic Materia Medica. Revised by
E. W. Maxy, B.8¢. Eighth Edition. 12s. 6d. net.

A Text-Book of Materia Medica. By Henry G.

Greexism, F.I.G., F.L.B,, Professor of Pharmacentics to the Pharma.
ceutical Society. Fifth Edition. 297 Illustrations, 25s net. The Micro-
scopical Examination of Foods and Drugs. Third Edition, 200 Illus-
trations, 182 net. An Anatomical Atlas of Yegetable Powders.
138 Illustrations. 12s, 64, net.

Practical Pharmacognosy. By T. E. Warnis, B.Se.,
F.I.C. &1 Illustrations. 7a. 6d. net.

First Lines in Dispensing. By H. B. Srevexs and
. E. L. Locas, A.L.C,, F.C.8. Third Edition. s net.

The Book of Pharmacopeeias and Unofficial For-
mularies, Hdg' E. W. Lucas, C.B.E,, F.LI.C., F.C.8., and H. B, S¥rvens,
0.B.E.. F.1.C,, P.C.8, 7 84.net.

Practical Pharmacy. Third Edition. 224 Tllus. 27s. net.

The Book of Receipts: containing a Veterinary Materia
Medica. A Pharmaceutical Formulary. A Photographic Furmu]n?" A
Eiwmpa.ia of Practical Methods employed in the Examination of Urine,

ilk, Potabls Waters, Sputum, ete. Twelith Edition, 10 64. net.

The Book of Prescriptions, with an Index of
Digenses and Remedies, Eleventh Edition. 10z 6d. net,

Medical and Pharmaceutical Latin for Students of
Pharmacy and Medicine. By R. H. Benwzrr. Third Edition. 10s. 84. net.

A Companion to the British Pharmacopeia. By
Sir PErErR WrxarT 3qQuirg., F.L.8., F.C.8. Nineteenth Edition. 252 net.
The Pharmacopeias of 31 London Hospitals. Ninth Edition,
12s. 6d. net,

The Pharmaceutical Formulary. By Henry BeasLey,
Twelfth Edition by J. Onpmanm BRAITEWAITE. s, 6d. net.

Favourite Prescriptions, Including Dosage Tables

and Hints for Treatment of Poisoning, By Eseing Wazp, M.D., West
African Medical Staff. Second Edition., Interleaved. &z net.
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Hygiene 2 Bacteriology

The Health of the Industrial Worker. By E. L.
Corris, M.D., Professor of Preventive Medicine, Welsh National School
of Medicine, and Major Gerxxwoon, M.R.C.P., M.R.C.8., Medical Oilicer,
Ministry of Health, = 30¢, net,

The Principles of Preventive Medicine. By R.
Taxxer Hrwrerr, M.D., F.R.C.P., D.P.H., Professor of Bacteriology,
University of London, aud A, T, Nasgrveorn, M., InNP.H., Medical
Officer of Henlth, Hornsey, With 12 Charts and 5 Diagrams. 15. net.

Synopsis of Hygiene. By W. Wirson Jamesoxn, M.A.,
M.D., F.R.C.P., D.P.H., Professer of Public Health, London University,
and Col, G. 8, Pargrxson, D,8.0,, M.R.C.8., L.R.C.P., D.P.H., Asst.
Director, Public Health Division, London School of Hygiene and
Tropical Medicine. Third Edition. 20 Illustrations. 18s net.

Sanitation in War. By Lt.-Col. P. 8. Lereax, C.B.,
F.R.C.8,, D.P.H. Third Edition. 68 Illustrations. 7s, &d. net.
Elementary Hygiene for Nurses. By H. C. Rurngs-
FORD Dakni¥e, M.D,, F.R.C.8. Fourth Edition, 54 Illustrations. 5z net,
A Simple Method of Water Analysis. By Jonwn C.
Trresw, M.D.Vic,, D.8c.Lond., Ninth Edition. 3s net. '
By J. C. Thresh and J. F. Beale, M.R.C.S., D.P.H.

The Examination of Waters and Water Supplies.

Third Edition. With 50 Illustrations, 25: net.

By J. C. Thresh and Arthur E. Porter, M.D., M.A.Cantab.

Preservatives in Food and Food Examination.
8 Plates. 16s, net,
Foods and their Adulteration. By HW. WiLey, M.D.,

Ph.D. Third Edition. 11 Coloured Plates and 87 Illustrations., 27s, net,

Beverages and their Adulteration. 42 Illustrationsz, 21s. net.

Text-book of Meat Hygiene. By R. Epzrmawnw,
Ph.D. Translated by J. R. Moankgr, A.M., V.M.D., and A, Frcanorx,
D.V.8. Fifth Edition. With 181 Illustrations and 6 Plates, 23z net.

A Manual of Bacteriology, Clinical and Applied.
By R. Tanwer HEwrLErT, M.D., Professor of Bacteriology, University of
London. Eighth Edition. 33 Plates and 62 Figures in the Text, 18s, net.

Immunity : Methods of Diagnosis and Therapy.
By Dr. J. Crrrox. Second Edition, 40 Illustrations, 14s. net.

Clinical Diagnostic Bacteriology, including Serum-
and Cyto-diagnosis. By A. C. Corks, M.D., D.8c. 2 Plates. 82 net.

The Chemical Analysis of Foods. By H. E. Cox,
M.8c, Ph.D., F.I.0, 88 Illustrations. 18:i. net.

Medical Bacteriology, including Elementary Hel-
minthology. By L. E.H. Warrsy, C.V.0., M.A,, M.D., D.P.H,, Assistant
Pathologist, Middlesex Hospital. 75 lllustrations. 10s. 6d. net,

Recent Advances in Bacteriology. By J. H. DisLE,
M.B., Ch.B., Professor of Pathology, Univ. of Liverpool. 22 Illus,
12s, 64, net.

Recent Advances in Preventive Medicine. By J.
F. C. Hasnam, M.C., M.D.,, M\R.C.P., D.P.H., Director of Library

Bervices, London School of Hygiene and Tropical Medicine. 30 Illus-
trations. 12s, 6d. net,
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Pathology 2 Psychology # Electro-
therapeutics # Dictionaries

— = ——

F. 8. Fowwearner, M.D., M .Sc., D.P,H., Lecturer in Chemical Patho-
logy, Univ, of Leeds. With Foreword by Rt. Hon. Lord Moynihan,
E.C.M.G. 18 Illns. B:. 64, net.

Pathology, (General and Special, for Students of

Medicine. By R. :l‘fgmn-tu Hewrrrr, M.D., F.R.C.P., D.P.H., Professor
of Bacteriology, University of London. 48 Plates and 12 Illustrations
in Text, FPifth Edition. 15 net.

Clinical Pathology. By P. N. Paxrton, M.B., Clinical

Pathologist and Director of Hale Clinical Laboratory, London Hospital,
and J. R, Margack, M.B., Chemical Pathologist, London Hospital.
Second Edition. With 12 Plates (10 Coloured) and 51 Illustrations in the
Text. 156s. net,

A Manual of General or Experimental Pathology.

By W. 8. Lazanvs-Barnow, M.D., F.R.(.P., Director of the Oancer
Hesearch Taboratories, Middlesex Hospital. Second Edition. 21s, nat.
The Elements of Pathological Anatomy and Histology for
Students. 24s. net.

Synopsis of Surgical Pathology. By Eric Pearce
Govrp, M.D., F.R.C.P. 6s. net,
Surgical Pathology and Morbid Anatomy. See p. 8.

Post-Mortem Manual. By C. R. Box, M.D., Lecturer

on Applied Anatomy, St. Thomas's Hospital, Second Edition, 22 Illus-
trations. 10w, 6d. net.

The Pathologist’s Handbook: a Manual for the

Post-mortem Room. By T. N. Kerywacg, M.D. 126 Tllus. 4a. 6d. net.
Recent Advances in Psychiatry. By H. Devixg,
O.B.E., M.D., 12:. 64, net,

Psychological Medicine. By Siz M. Cra1a,C.B.E.,M.D.,

Physicinn, Mental Dispaszes, 'l‘,:‘uj"a: Hospital, and T. Bratox, 0.B.E.,
M.D., Leet. in Mental Diseases, Bethlem Royal Hospital, Fourth
Edition. 25 Plates, 21z net.

Also by Sir M. Craig.
Nerve Exhaustion. 6s. net.
Mental Diseases: Clinical Lectures. By Siz T. 5.
Crovsrox, M.D., F.R.C.P.Edin. Sixth Edition. 30 Plates. 16z. net.

Unconscious Therapeutics; or, the Personality of
the Physician. By AnFrep T. Somorirrp, M.I). Second Edition,
5. net. The Management of a Nerve Patient. 55 net.

The Journal of Mental Science. Published Quarterly,
by Authority of the Royal Medico-Psyehological Associntion. Ts. 84, net.

Practical Electrotherapeutics and Diathermy. By
(. B, Massey, M.D. 157 Illustrations. 21z net. i
Electro-Therapy: Its Rationale and Indications.

By J. Cueris Were, M.B,, B.C. With 6 diagrams. 5s. net,

Electricity : Its Medical and Surgical Applications.
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E By . 8. Porrs, M.D. With 356 [llustrations and 6 Plates., 21z net.

( Lang’s German-English Dictionary of Terms used

{ in Medicine and the Allied Seieneces, Third Edition, edited and

{ revised by M. K. Mevers, M.D. 28z net.
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A Clinical Atlas of Blood Diseases. By A. Piney, M.D.,

M.R.C.F., and Stavtey Wyarn, M.D. 36 Illustrations, 32 Coloured,

125, Bd. net.
Also by Dr. A. Piney

Recent Advances in Hmmatology. Second Edition,
4 Coloured Plates, 18 Text-firures. 12%s, 84, net,

Diseases of the Blood. 20 Illus., 6in Col. 12s. 64. net.

SKin : Its Uses in Six Phases. By Lewis E. Herrsier,
M.R.C.B.,L.R.C.P. With Forewords by Professor Leoxaen Hinn, F.R.8.,
and R. P. Mackexzik, M.B.,, O M., D.P.H. B Plates. 10s. Bd. net.

Taylor’s Practice of Medicine. Fourteenth Edition.
Reviged by Drs, E, P, Povrrox, C. P, Stmonps, H. W. Bakber and R. D.
Giuneseie, 64 Plates and 108 Figures. 25s. net.

Endocrine Diseases, Their Diagnosis and Treatment.
By W. Favra (Vienna), Translated and Edited by M. K. MeyvErs, M.D,
Foreword by Sir A. E. Garron, M.D, 104 Illustrations. e, net.

Text-book of Differential Diagnosis of Internal
Medicine. By M. Marrues. Translated from 4th German Edition by
I. W. Herp, M.D., and M. H. Gross, M.D. 176 Illustrations. 42 net,

Medical Diagnosis. By A. Lartnam, M.D., F.RCP.,

and J. Torerxs, M.B., M.R.C.P. 74 IMustrations, 19 in colour. 13s. net,.

Pulmonary Tuberculosis. Its Diagnosis, Preven-
fion, and Treatment. By W, M. Crorrow, M.D,. 21 Illustrations. Gs. net.
Therapeutic Immunisation : Theory and Practice. 7s. 64, net.

The Primary Lung Focus of Tuberculosis in Chil-
dren. By Dr. Axthor Guox. Translated by . Bagry Kina, M.D.,
M.R.C.P. 2 Coloured Plates and 74 Text-figures, 10s. 6d. net.

Studies in Influenza and its Pulmonary Compli-
cations. By D, Barry King, 0.B.E., M.D. 7+ 6d.net

A Short Practice of Medicine. By R. A. FLeming, M.D.,

F.R.C.P.E, F.R.B.E, Lecturer on Medicine, School of Royal Colleges,
Edinburgh. Third Edition. With 64 Illustrations. 21s, net,

A Manual of Family Medicine and Hygiene for India,
By Bir Witniam J, Moore, K.C.I.LE.,M.D). Ninth Edition, edited by Major
C. A. Berawsoxn, C.LLE.,, M.D., LM.8, 69 Engravings. 10s. 6d. net.

The Blood: how to Examine and Diagnose its
Diseases, By Arrrep C. Cornrs, M.D., D.Be., F.R.5.Edin. Third
Edition. 7 Coloured Plates. 10s. 8. net,

Lectures on Medicine to Nurses. By HerBerT E,.
Curr, M.D., F.R.C.5. Seventh Edition. 20 Illustrations, Ts. 6d. net.,

On Alcoholism : Its Clinical Aspects and Treat-
ment. By F. Harx, M.D., Med, Supt., Norwood Sanatorium, 5s. net,

Recent Advances in Cardiology. By C. F. Terence

Eisr, M.D., F.R.C.P,, and C. W. C. Baix, M.C., M.B. 12 Plates and
67 Text-figures. 12s, 6d. net.

Recent Advances in Study of Rheumatism. By
F.J. Poysron. M.D,, F.R.C.P., Physician, Univ. College Hospital, and

B. E. Scauesiyekr, M.R.C.P., M_R.C.8., Physician, Children's Dept.,
Hoyal Northern Hospital. 20 Illus,
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Medicine a Massage

Chemical Methods in Clinical Medicine. By G. A,
Harrrzow, M.1., B.Ch,, L.R.C,P., Reader in Chemical Pathology in the
University of London. 2 Coloured Plates and 63 Text-figures. j18s net.

Recent Advances in Medicine. Clinical—Laboratory—
Therapeutic, By G. E. Beavmoxr, D.M., F.E.C.P,, Assistant Physician,
Middlesex Hospital, and E, C. Dopps, M.B., B.8,, Professor of BEio-
chemistry, Univ, of London, Fifth Edition. 49 Illustrations. 12s, 64, net.

Recent Advances in Pulmonary Tuberculosis. By
L. 3. T. Burrern, M.I). 32 Plates and 17 Text-figures. 12s. €d. net.

The Diabetic Life: Its Control by Diet and Insulin.
By R. D. Laweexce, M.D),, Chemiecal Pathologist, King's College Hos-
pital. Fifth Edition. 14 Illustrations. Ss. Gd. net

The Effects of Inanition and Malnutrition upon
Growth and Structure. By C. M. Jicxsow, Professor of Anatomy,
University of Minnesota. 117 Illustrations. 30s. net.

Massage : Its Principles and Practice. By James

B, MExyELL, M.A,, M.D,, B.C., Med, Officer, Physico-Therapeutic Dept.,
2t. Thomas's Hospital. Second Edition. With 187 Tllustrations. 21s. net.

Translated and Edited by Dr. Mina L. Dobbie.

Medical Gymnastics and Massage in General
Practice, By Dr. J. Agvepsox. Third Edition. 8a. 6d. nat.

The Technique, Effects and Uses of Swedish Medical

Gymnastics and Massage, By J. Arvepsoy. 131 Illus. 12s 64, net.

Researches on Rheumatism. By F. J. Povnton,
M.D., F.R.C.P,, and A. Patxg, M.D,, B.8. 106 Illustrations 15 net.

Physical Signs in the Chest and Abdomen. By

A, J. JEx-Bragg, M.D., F.R.C.P. 27 Ililustrations. 9. 6d4. net.

Uicer of the Stomach and Duodenum. By SAMUEL
Fexwicx, M.D., F.R.C.P., and W. Sorray Fenwick, M.I),, B.B, &b
Tlustrations. 10s, 8d. net. Cancer and other Tumours of the
Stomach. 70 Illustrations. 10s. 64, net.

The Clinical Examination of Urine. By LiNpLEY
Scorr, M.A,, M.D. 41 original Plates (mostly in colours). 15s. net.
Urine Examination made easy. By Taomas Car-

rrrHERs, M.B., Ch.B. Fourth Edition, 2. net.

Uric Acid as a Factor in the Causation of Disease.
By Avexaxpex Hate, M.D., F.R.C.PP. Seventh Edition, 75 Illustrations,

14s, net. Uric Acid in the Clinic.5s. net. Uric Acid, an Epitome of
the Subject. Second Edition, 2s. 6d. net.

Medical Hydrology. ByR.Forrescue Fox,M.D. 6s. net.
Physical Therapy in Diseases of the Eye, Ear, Nose

and Throat. By A. B Hounexwokr, 3. D, and M. H. Corrug, M.D. 21s. net.

Recent Advances in Chemotherapy. By W. G. M.
Fispray, O.B.E., D,8c., Wellcome Bureau of Scientific Research.
4 Plates and 11 Text-figures. 15z net.
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Surgery

Science and Practice of Surgery. By W.H.C. Romanis,
F.RE.C.B., and P. H. Mrreniver, F.R.C.8. 2 vols. Second Edition.
674 lllustrations. 28s, net.

Surgical Radiology. By A. P. BerrwisrLE, M.B.,
F.R.C.S8.E. 24 Plates. 8. 6d. net.

Surgery. Edited by G. E. Gask, C.M.G., D.S.0.,
F.R.C.8., and Hanorp W. Winsox, M.S_ M.B., F.R.C.8., Surgeons, St.
Bartholomew’s Hospital. With 38 Plates, 20 in Colour, and 4067 Text-
figures. 30s. net.

The After-Treatment of Wounds and Injuries.
By R. C. ELmsrie, M.8, F.R.C.8., Special Mil. Surg. Hosp., Shepherd’s
Bush; Surgeon, BSt. Bartholomew's Hospital, With 144 Illustrations,
15s. net,

A Text-Book of Surgery. By R. Warrry, M.D.,

F.R.C.8., Assistant Surgeon, London Hospital,. With 604 Original
Illnstrations. 2 vols, 27s. net.

Bowlby and Andrewes’ Surgical Pathology and
Morbid Anatomy. Revised by GrorrrRey KEeywes, M.D., F.R.C.5,,
Assistant Burgeon, St. Bartholomew’s Hospital, Eighth Edition, With

MNustrations, Tet.

On Diseases of the Rectum and Anus, including
the Sixth Edition of the Jacksonian Prize Essay on Cancer. By
Harrisox Criees, F.R.C.8., Surrical Staff, 8t. Bartholomew's Hospital.
Fourth Edition, With 14 Plates and 34 Iustrations, 10s 64, net.

Diseases of the Rectum, Anus, and Sigmoid Colon.
By F. Swinrorn Epwarps, F.R.C.8., Senior Burgeon to St. Mark's
Hospital for Fistula and other Diseases of the Rectum. Third Edition,
102 Illnstrations. 10s, 64, net,

Minor Surgery and Bandaging. Nineteenth Edition.
(Heath, Pollard and Davies). By Gwywswk WiLLiams, M.8,, F.R.C.8,,
Surgeon, University College Hospital. 247 Illustrations. 10s. 6d, net,

Injuries and Diseases of the Jaws. By CuristorHEr
Heatn, F.R.C.8. Fourth Edition, Edited by H. P. Dean, M.8,, F.R.C.8.,
Agsistant Surgeon, London Hospital, 187 Illustrations. 1de, net,

Surgical Nursing and After-Treatment. By H. C.
Hurnerrvorn Dakviwe, M.D,, F.R.C.8., Surgeon, South Const Hospital,
Sydney. Third Edition. With 149 Illustrations, B#, Bd. net.,

By the same Author.

Elementary Hygiene for Nurses. Fourth Edition.
64 Illustrations, be. net,
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Surgery 7 Anaesthetics

Surgical Emergencies in General Practice. By
W. H., C. Rosmawiz, M.B., F.R.C.5,, F.R.2.Edin., and P, H. MITcHINEE,
AM.D., M.8., F.R.C.8., Burgeons, 8t. Thomas's Hospital, Illustrated.
(L the Press,)

Radium Treatment of Cancer. By Sraxvorp CADE,
F.R.C.8., Assistant Surgeon and Joint Lecturer on Surgery, West.
minster Hospital, With 13 Coloured Plates and 49 Text-firures. 15z net.

The Operations of Surgery. Seventh Edition. By

R. P. Rowra¥ps, M.8.Lond., F.R.(C.8., and PrHirir TreKER, M.8.,
F.R.C.8., Surgeons, Guy's Hnﬂ:mt:n,l 2 volg, 900 Illustrations, 43 in
Colour, £3 108, O, net.

Recent Advances in Surgery. By W. H. Ociuvig,

M.D,, F.R.C.53., Assistant Surgeon, Guy's Hospital. Second Edition.
115 ﬂ.h:atrﬂmnna 158. net.

Surgery in the Tropics. By Sik Fraxg P. Coxxor,
D.8.0., F.R.C.8., Professor of Surgery, Bengal Medical College. 99
Illustrations, 12s, 6d. net.

Surgery in War. By A. J. Huni, F.R.C.S., Lieut.-Col.,
R.A.M.C. With 210 Illustrations. 25z net.

Operative Surgery of the Head, Neck, Thorax and
Abdomen, By Epwarp H, Taxror, F.R.C.8.1, University Professor of

Surgery, Tl'lml:v College, Dublin, With 300 Or :gmal Ilustrations, many
in ¢olour. 324 net.

Synopsis of Surgery. By Ivor Back, F.R.CS,
Burgeon, St. George's Hospital, and A, T.Epwarps, F.R.C.8., A.‘-s!:ﬂtﬂ‘!]t.
Surgeon, Westminster Hospital. 12s, 8d. net.

Synopsis of Surgical Pathology. By Eric Prarce
GovLp, M.D., F.R.C.8. 62 net,

Synopsis of Surgical Diagnosis. By W.H.C.Romanis,
M.E., M.C., F.E.C.5. 8. 84. net.

Inguinal Hernia, the Imperfectly Descended

Testicle, and Varicocele. By Pmruie Tvkser, M.8., F.R.C.8., Assistant
SBurgeon, Guy's Hospital, With 22 Illustrations. 10s, 6d. net.

Practice and Problem in Abdominal Surgery. By
ALFRED ErNEsT Mavrarp, M.B.Lond. and B.8. 39 Illustrations. 8s. 6d.
net. Abdominal Tuberculosis. 57 Illustrations. 12+ 6d. net.

Clinical Essays and Lectures. By Howarp Marsn,
F.R.C.8. Prof. Burgery, Univ. Cambridee. 26 Figures. 7s. 6d. net.

Modern Bullet-Wounds and Modern Treatment.
By Major F. Byite, D.5.0., R.AM.C. 32 net.

Surgical Emergencies. By Pavr Swaiy, F.R.C.S,
Fifth Edition. 149 Enpravings. 6. “net.

Chloroform: a Manual for Students and Practi-
tioners., T‘F:;'Fl:nw.l.nu T.a.wmx,.\iBh{im TIMustrated. Tz G6d. net.

Anasthesia. T. Gwathmey, M.D., President of

the American Aﬁ*ucmmm of Anmsthetistz, w ILII Collaborators on Special
Subjects. Second Edition. 273 Illustrations. 25 net.

™ s ™ ittt J & A. EHUR{;HILL e

E:'_'

i

~0

i i BN

i.

¢

-D. S R A N A i T N L

e R e L e A e

T O



O-.

.

Dermatology # Urinary Disorders

Neurology # Tropical Diseases
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A Text-Book of Diseases of the Skin. By J. H.
Srqurika, M.D., F.R.C.P., F.R.C.8,, Physician, 8kin Dept., London
Hosp. 4th Edition. 56 Plates in colours and 300 Text-fizures. 42s, net.

The Hair, its Care, Diseases and Treatment. By
w. .].I{J'Imxm'.ax. 0.B.E., M.D,, B,8,, Physician, Skin Dept., London
Hospital, Ilnstrations, 2, net,

Recent Advances in Neurology. By W. RussELL
ﬁn.u.-f, :nI.}'}., .ﬁjizfiirjf.ﬂrut Physician, London Hospital, and E. B. 81ravss,
5. ML H.{-h,.'i linical Aseistant to the Neurclogical and Psychiatric
i-atllugrdnf the University of Marbarg. Second Edition. 39 Illustrationss
Zs. 6d. net.

An Epitome of Mental Disorders. By E. FrYer

Bartoarp, M,B., B.S. Illustrated. 7s. 6d. net.

A Text-Book of Nervous Diseases. By W. ALpren
Toverweg, M.D., F.R.C.P.,, and T. Grarxcer Srewarr, M.B., M.R.C.P.
188 Illustrations. 18s, net,

Paralysis and other Nervous Diseases in Childhood
and Early Life. By J. Tayros, M.D., F.R.C.P. 74 Illus. 12a. 4. net.

Stone in the Urinary Tract. By H.P. Winssury
Waire, M.B., Ch,B., F.R.C.8.Edin., F.R.C.8.Eng, 2 Coloured Plates
and 181 Text-figures. 25s,

Selegted Papers on Stone, Prostate, and other
Urinary Disorders, By R. Hagrmsox, F.R.C.8. 15 Illustrations. 5s. net.

By E. Hukry Fewxwricx, F.R.C.5,, Surgeon to the Londou Hospital :

Atlas of Electric Cystoscopy. 34 Coloured Plates.

?1-. net. Obscure Diseases of the Urethra. 63 Illus. 6z 6d4. net.
Fumours of the Urinary Bladder. Fasc. 1. 5 net, Ulceration
of the Bladder, Simple, Tuberculous, and Malignant: a Clinical
Study. Illlustrated. 5s net.

The Nematode Parasites of Vertebrates. By
WaikrrINGTON Yorxe, M.D,, Professor of Parasitology, University of
Liverpool, and P, A, MarrLesrorg, M.B., D.58.0. Foreword by C. W.
S1ines. 307 Hlustrations. 36s. net.

Recent Advances in Tropical Medicine. By Sir
Leowanr Roeers, C.LE. M.D., F.R.8., F.R.C.E., F.R.C.P. SHecond
Edition. 16 Illustrations. 12s 6d. net.

Malay Poisons and Charm Cures. By J. D. GimLerrE,
M.RC.E8.,LR.C.P. Third Edition. 3 Plates. 10s. 6d. net.

Public Health Practice in the Tropics. By J.
Batvrove Kirg, M.E., D.P.H., D.T.M.&H., Director, Medical and Health
Department, Mauritius, [(Ready Adwgust, 1930.)

Tropical Medicine. By Sir Leoxarp Rocers, C.LE,
F.B.C.P., F.R.C.5., F.R.8., and Major-General J. W. D, MeGaw, I.M.3.,
C.I.LE,, M.B., B.Ch. 1 Colour Plate and 77 Illustrations. 14 net.
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Midwifery 2 Gynacology
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|

The Queen Charlotte’s Practice of Obstetrigs.
By J.B. BaxisTeEr, M.D., F.R.C.5.; A. W. Bounwveg,M.B,, FR.C.E,, T. B.
Daivies, M.D., F.R.C.8,, €, 8. Laxe-Roserms, M 3., FPR.U.8., L. &.
PriLiies, M.2,, F.R.C.B., L. C. Riverr, M.C., F.RC.2,, Members of the
Staff of che Hospital. Second Edition., 274 Illustrations, ¢ Coloured
FPlates. 132 met.

Recent Advances in Obstetrics and Gynacology.
By Avkce W. Bovexg, F.R.C.8., Obstetric Surgeon, St. Mary's Hos-
pital, and Queen Charlotte’s Hospital. Second Edition. 67 Illustrations,
12s. 6d. net. : k

Practical Midwifery. By Gieson FirzGisson, M.D,,
F.R.C.P.I. With 175 Illnstrations. 18z net.

The Difficulties and Emergencies of Obstetric
Practice. DBy Comyws Berrrrey, M.D., F.R.C.P., and Vioror HoNNET,
M.D., F.R.C.3., Obstetric and Gynmcological Burgecus, Middlesax
Hospital. Third Edition. With 309 Original Illustrations. 30s, nat.

Manual of Midwifery. By T.W.Epgx, M.D.,C.M.Edin.,
F.R.C.P.Lond., Obstetrie Physician, Charing Cross Hospital, and FARpLEY
Houvawp, M.D.,F.R.C.P., F.E.C.5., Ohstetric and Gynmeological Surgeon,
London Hospital. (7th Edition in Prepuration.)

By T. W. Eden and C. Lockyer, M.D., F.R.C.P., F.R.C.S.
Gynacology. Third Edition. 556 Illustrations aund

42 Coloured Plates. 36, net.

A Short Practice of Midwifery, embodying the
Treatment adopted in the Rotunda Hospital, Dublin, By HENRY JELLETT,
M.D., B.A.0.Dub., late Master, Rotunda Hospital, Dublin, Tenth
Edition. 3 Coloured Plates and 253 Illustrations. 18s. net, A Short
Practice of Midwiifery for Murses, with a Glossary of Medical Termas,
and the Hegulations of the C.M.B. Eighth Edition. 4 Coloured Plates
and 176 Illustrations. Ss. 64. net. A Practice of Gynacology. Fifth
Edition. 15 Col. Plates and 417 Illustrations (many coloured). 206s. net.
A Short Practice of (yn@®cology. HRevised hy Professor R, E.
Torrexaam, M. B, B.Ch., B.A.O, Sixth Edition. With 365 Illustrations.
imany in colour). #. net. The Causes and Preventioa of
Maternal Mortality. 15= net.

Manual of Obstetrics. By O. Sr.Jounx Moses, M.D,
C.AL, D. 8¢, F.R.C.5. With 138 Illustrations. 2ls. net,
Obstetric Aphorisms. By the late J. G. Swayng, M.D.,

Hevised by W, C. Swarne, M.D., B.S.Lond., Professor of Obstetries,
University of Bristol, Eleventh Edition. With 20 Illustrations, 3s. 84, net.

Longridge’s Manual for Midwives. By J. B

Bawrgrer, M.D,, F.R.C.8,, Obstetric Physician, Charing Cross Hospital,
Fourth Edition. (Ready, dafume, 1930,)

A Short Manual for Monthly Nurses. By CuarLEs
J. CvprivawortH, M.D., F.R.C.P. Sixth Edition. 1s. 6d. net.

A Clinical Manual of the Malformations and Con-

genital Diseases of the Feetus. By Prof. Dr, R. Biexsavy. Translated
and annotated by G. Bracekxe, M.D., F.R.C.P., F.R.C.B., Obstetric
Physician to University College Hoapital, With 66 Illnstrations, 155 net.
By K. A, Giseoxs, M.D,, F.R.C.B.Ed.
A Lecture on Dysmenorrheea. 2s 84, net, A Lecture on Sterility: its

Atiology and Treatment. 25 8d. net. A Lecture on Pruritus
Vulva : its ALEtiology and Treatment. 2 64, net.
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Medical Jurisprudence
Ophthalmology

B S N

T =

.\ Recent Advances in Forensic Medicine. By SypxEey

Ssrrn, M.D., D.P.H., Professor of Forensic Medicine, University of
Edinburgh, and J. Grarstes, Jor., M.D., Ch.B., Professor of Forensic
Medicine, Cairo. 100 Illustrations, (fn the Press,)

An Introduction to Forensic Psychiatry in the
Criminal Courts. By W. N, Easr, M.D. 165, net,

Some Famous Medical Trials. By L. A. Parry, M.D.,
F.R.C.5. 10s 6d. net. ] _
Forensic Medicine. By Syoney Swmrra, M.D., D.P.H.,

Regius Professor of Forensic Medicine, University of Edinburgh.
second Edition. 166 Illustrations. 24, net,
Forensic Medicine. Tllustrated by Photographs and
I_'J'macriptive Unses. By H. Littieronw, F.R.C.S. Ed. 183 Illus, 152 net.
Medical Jurisprudence: its Principles and Practice.
Ey Averep 8. Tavror, M.D, Eighth Edition, by Srpxry SaTh, M.D.,
D.P.H., and W, G. H. Cook, LL.DI., Barrister-at-Law, 2 vols., £3 35, net.
Recent Advances in Ophthalmology. By W.SrewarT

Duie-Erver, M.D., FR.C.8., Assistant Ophthalmic Surgeon, 5t. George's
Hospital. Second Ed, 4 Colonred Plates and 110 Text-figs. 12s. 8d. net.

Also by Dr. Duke-Elder,
The Practice of Refraction. 208 Illus. 12s. 6d. net.
A Handbook of Ophthalmology. By HumpurEY

HEane F.R.C.8., and F. A, WitLtamsox Nosng, F.R.C.8. 12 Coloured
Plates, 194 Illustrations. 12s, 64. net.

Refraction of the Eye, including Physiological
Opties. By CHarnes Gournpex, O.B.E.. M.D.. F.R.C.B., 180 Illus-
trations, 10s 64, net, :

Medical Ophthalmology. By R. Fosrer Mooreg,

O0.B.E., F.R.C.B. Becond Edition. 92 Ilustrations. 18s. net.

Refraction of the Eye. By (. Harrripce, F.R.C.S.
léth Edition. 110 Hinstrations. Ve, 6d. net. The Ophthalmoscope. 6th
Edition, 65 Illustrations and 4 Plates, 8=, 64, net,

Diseases of the Eye: a Manual for Students and
Practitioners. By Sir J. H. Pansowxs, C.B.E., D.Se., F.R.C.8., F.R.8.,
Ophthalmic SBurgeon, University College Hespital ; Sixth Edition. 348
IMustrations and 20 Coloured Plates. 18:, net, Elementary Ophthalmic
Optics, including Ophthalmoscopy and Retinoscopy. 66 Illustra-
tioms. Gs. 6d. net.,

Sight-Testing Made Easy, including Chapter on
Retinoscopy. By W. W. Harpwicke, M.D. Fourth Edition. 5s net,

The Ophthalmoscope and How to Use It. By A. Freg-
LAXD FERGUs, LL.D., M.D., F.R.8.E. 2nd Edition. 17 Illus. 3 6d. net,

Principles of Ophthalmoscopy and Skiascopy. By
G, F. Avkxaxper, M.B,, C.M. 31 Illustrations, bs, net \

Ophthalmological Society of the United Kingdom.
Transactions, Vol, XLIX, 30s net. 2 e

The Slit-Lamp Microscopy of the Living Eye. By

F. Ep. Kory. Translated by (. B. GoULpexN, O.B.E,, M.D., 1’.{1_(_:_5.,
and Crana L, Hagris, M.B., Ch.B, Second Edition, 104 Illus. 15 net.

Ophthalmic Nursing. By M. H. Wuiring, F.R.C.S.

51 Illustrations, 5z net,
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Otology # Paediatrics @ Dentistry

.........................

The Labyrinth of Animals, including Mammals,
Birds, Reptiles, and Amphibians. By Auperr A, Gaay, M.D,(Glas.),
F.R.8.E., Burgeon for Diseases of the Ear to the Vietoria Infirmary,
Glasgow. Vol, I, with 31 Stereoscopic Plates. 21s net (ineluding
Stereoscope). Vol. II. 45 Stereoscopic Plates. 25s, net.

Manual of Diseases of Nose and Throat. Bv (. G.
Coaxney, M.D. Sixth Edition. 145 Illus. and 7 Coloured Plates. 18s. net.

The Pharmacopeia of the Hospital for Diseases
of the Throat, Nose, and Ear. Seventh Edition. 2s, 64. net.

Diseases of the Ear. ByT. Mark HoveLy, Senior Aural
Surgeon to the London Hospital. 2nd Edition, 128 Engravings, 21s, nat.

Recent Advances in Diseases of Children. By W. J.
Prawsox, D,8.0,, M.A,, DM., M.R.C.P,, Physician, Children's Dept.,
University College Hospital, and W. G. Wyruig, M.D., M.R.C.P.,
Physician, Hospital for Sick Children, Gt. Ormond Street., Second
Edition. 20 Plates and 34 Text-figures. 15s. net.

The Modern Practice of Pediatrics. By WiLrLiam
Parsen Luvcas, M.D,, LL.I).,, Professor of Pediatrics, University of
Californin Medical School. 126 Tllastrations. 30s. net.

Premature and Congenitally Diseased Infants.
By Juniva H, Hess, M.D. With 189 Illustrations. 18z net.

The Diseases of Children. By Sir J. F. Goopuart, Bt.,
M.D., F.R.CP.,and G. F, Stine, M. D., F.R.C.P., Profeszor of the Dizseases
of Children, King's College, Twelfth Edition. 68 Illustrations. 23s, net,

The Wasting Diseases of Infants and Children. By

Eosrace S8wmrrm, M.D., F.R.(,P, Bixth Edition. 6z net.

An Introduction to Dental Anatomy and Physio-
logy, Desceriptive and Applied. By A, Horewrir-Surrm, L.D.8 Eng.
With 8 Plates and 340 Illusteations. 21s. net. The Normal and Patho=
logical Histology of the Mouth. Vol. I, Normal Histology. Vol. II,
Pathological Histology, With 658 INustrations. 2 vols. £2 2s, per set,

Dental Anatomy, Human and Comparative: a
Manual. By CoHarnes 3, Touzs, MLA,, FP.R.8. Edited by H. W. MarziT
Tz, O.B.E,, M.A., M., F.Z.8., and . Bownrer Hrxey, LER.C.P.,
M.R.C.8., L.LD.B.Eng. Eighth Edition, 325 I]Iu:-'unmti:_}lm. 182, met,

A System of Dental Surgery. By Sir Joux TomEs,
F.R.8. Revised hy C. 8. Tomrs, M.A. F.RBS. and Warter S,
NoweLn, M.A.Oxox. Fifth Edition. 318 Engravings. 15: net.

An Atlas of Dental Extractions, with Notes on the
Canses and Relief of Dental Pain, By C. Epwarp Wartrs, M.R.C.8,,
L.R.C.P., L.D.5,, Assistant Dental Surgeon, King's College Hospital.
Becond Edition. With 11 Plates, 62 net,

A Manual on Dental Metallurgy. By Ernest A. SmiTH,
Agsay Offies, Sheffield, Fourth Edition. 37 IIIu:-st.mLinnE. 12s, 84, net,

Synopsis of Dentistry. By A. B. G. UxpErwoob,
B.8., LI.5.Eng. With 10 Illustrations, 9= Bd. net.

Handbook of Mechanical Dentistry. By J. L.

Droney Brxrow, L.D.S,, Dental Surgeon, University College Hospital,
With 163 Illustrations. 12s. 6d. net.
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A Chemical Dictionary : Containing the Words generally used in
_ Chemistry and many of the Terms used in the Related Sciences, By
{ Ixao W, D. Hackm, San Francisco, Over 100 Tables, 232 Tlus, 42¢. net,
| The Chemical Analysis of Fonds. By H. E. Cox, M.S¢., 38Illus, 18+, net.
+  Modern Methods of Cocoa and Chocolate Manufacture, By H, W.
{ Bywarkus, D.8c., Ph.D., A.R.C.8., F.I.C. 108 [lNnstrations, 2ls, net.
Parry's Cyclopadia of Perfumery. By E.J. Pavry, B.Sec., F.1.C., F.C.8.,
i Analytical and Consulting Chemist. 2 Vols. 36s. net.
. Gasworks Laboratory Handbook. By W.T. I¥kson, Chief Chemist, Brad-
ford Corperation Gasworks. 55 Illustrations, 9e G4, net,
Organic Medicaments and their Preparation. By E. Four¥eivr., Trans-
Inted by W. A. Birvester, M.Se. 22 Illustrations, 15¢. net.

The Fundamental Processes of Dye Chemistry. By H. E. Fizgz-Divip. )
Translated by F. A, Masox, Ph.D. 45 Illus, including 19 Plates. 21s, net,

i

i S

{ A Junior Inorganic Chemistry. BEr R, H. SPEam, M.A. Second Edition. :
) 87 Illustrations, Gs. 6d. Also Part I (up to Atomic Theory). 3. 8d. net. {
. Explosives. Their Manufacture, Properties, Tests, and History. By |

A. MamsHarn, A.C.G.I. Second Edition, 2 vols, 158 Hlustrations, ¢
£3 32, net. A Short Account of Explosives. 7r. 6d.net. A Dictionary |
of Explosives. 154, net.

l::.
inorganic and Organic Chemistry. By C. L. Broxaw. Eleventh Editiom. |
( By A. G. Broxam, F.I.C., and 8. Junp Lewis, D.8¢., F'.1.C. 38s, nat, )
{  Treatise on Applied Analytical Chemistry. Edited by Prof. V., ViLrLa- g
) veocHra. Translated by T. H. Pork, B.Se. Vol.1. With58 [llustrations, |
A 2le. net, Vol. IT. With 105 Illustrations, 25s. net, |
Y Treatise on General and Industrial Chemistry. By Dr. Errore MoLINARL, {
{ Second English Edition. Translated by T. H. Poes, B.Be., F.IO. (
{ Vol. I.—Inorganic. 328 Illus., 425, net. Vol, II.—Organic. Part I. {
254 Illus., 30s. net. Part IT. 308 Dllus., 30s. net, 2
!/ Ammonia and the Nitrides. By E. B. MaxTep, Ph.D., B.Sc. 7s. 6d. net, /
(  Bricks and Artificial Stones of Non-plastic Materials. By Avrzep B,
/! SEARLE. G5 Illustrations. 10s, 64, net, ‘\
| The Preparation of Organic Compounds. By E. ve Barey Banxerr, B.Se, {
) Second Edition. With 54 Illustrations.  10s, 84, nat, A Text-book of |
'; Organic Chemistry. With 15 Illustrations, 10s. 64, net, \
) The Plant Alkaloids. By T.A.Hexuy, D.Sc. 2nd Edition. 8 Plates. 28s. net. b
' Industrial Organic Analysis. By Pavrn S, Arvp, B.Bc., A.C.G.I. Second |
5 Edition. 25 Illustrations. 12s, 6d. net. J.
' A History of Chemistry. By the late J. Camrrerr Browx. Edited by ¢
. H. H. Broww. Second Edition. ‘With 106 Illustrations. 21s. net. |
| Practical Chemistry. Sixth Edition. Edited hf G. D. Beveover, |
{ D.8e. 20 64, net. Essays and Addresses. With 23 lustrations. 5s, net., |
{ Microbiology for Agricultural and Domestic Science Students. Edited |
J by C. E. Marsmarn., Third Edition. With 200 Illustrations. 21s. net, Y
! Cocoa and Chocolate : thqlr Che_mi;try and Manufacture. By B,
3 Wryapkr. Second Edition. With 16 Plates and 33 figures. 42s, net, {
| Reagents and Reactions. By E, Tosworr. Trans. by O, A, MircmeLL, {
; D.Sc. 7. 6d. net. ¢
/ Laboratory Manual of Elementary Colloid Chemistry. By E. Hirscuex, y
\ Second Edition, With 21 Illustrations. 7s. 6d. net. {
' Practical Physiological Chemistry. By P B. Hawz, M.8,, Ph.D. Ninth ¢
{ Edition. With 6 Coloured FPlates and 273 Text-figures. 28s. net. (
| The Atmospheric Hitru%en Industry. By Dr. I. B. Wigser. Translated |
{ by E. FrinexMan, Ph.D, 2 Vols. 72 Illustrations. 42, net, /
(  Laboratory Manual for the Detection of Poisons and Powerful Drugs. |
iy By Dr. Witnkiw AvrieNeierH. Translated by W. H, Waigrexr, Ph.D. |
¢ fith Edition, translated from 5th German Edition. 60 Illus. 30s, net,
|} i
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Recent Advances in Analytical Chemistry. FEdited by C. A. Mrics ELL,
D.Sc., M.A., F.I.C. Vol. I.—Organie. s, net. Vol. IT—Inorganic
(fn the Fress),

Theoretical and Experimental Physical Chemistry. By J. . Croox KR,
M.A., D.8e,, F.I.C., and F. Mattagws, Ph.D., B.8c., F.I.C. 145 Ilins.
trations. 21z, net.

The Preparation and Analysis of Organic Compounds. By J. BEuvanp
CoLeMax, A.R,C.Bc., and Frawcis ArNarL, Ph.D. 42 Illus., 154 net.

Theoretical Organic Chemistry. By Fraxcis Axvann, Ph.D., M.Se.. and
Frawcis W. Hopors, M.Sc.” ParcI. 30 Illustrations, 115 Experiments,
10s. Gd, net. Part LI, 12:. 6d. net.

The Chemistry of the Proteins and its Economic Applications. By
DororrY Joxvpox Lroyp, D.Sc., F.I.C. 60 Illustrations. 10s, 6d. net.

0ils, Fats and Fatty Foods. By E. Ricuarpe Borrow P10, F.C.3.
Second Edition. 12 Plates and 34 Text-figures, 30s. net.

Elementary Qualitative and Volumetric Analysis. By W, CALDW ELL,
M.A., Se.D. 10z 6d. net,

Quantitative Organic Microanalysis By F. Precr, D.Sc., "'ranslated by
E. FyLemax, B.Se., Ph.I}. Second Edition, Illustrations. o d. net,

Sutton’'s Systematic Handbook of Yolumetric Analysis. 11th Edition, by
W. L. Surroxn, F.I.C.,and A, E. Jouxssox, B.8¢., F.L.C. 120 Illus. 35s. net.

A Text-Book of Practical Chemistry. By G. F. Hoop, M. A, E.Sec., and
J. A, CanpenTek, M.A, 162 Illus,” 21s net.

Introduction to Qualitative Chemicul Analysis. By C. R, Fresexivs, 17th
Edition, translated by C. A. Mrrengun, D.8c. 57 Illustrations, 36s. net.

The Analyst’s Laboratory Companion, By A. E, Jounsox, B.S¢., P.I1.C,
Fifth Edition. 10s. 84, net.

Allen's Commercial Organic Analysis: Fifth Edition, in 10 vols, Edited by
C. A, Mircrery, I).8e., M.A,, 8. 8, Saprneg, 8.E., and C. K, LateROP,
A.B., Ph.I), Vols. 1—7 Ready. 30« net each volume,

Volumetric Analysis for Students of Pharm. and General Chemistry.

By C. H. Hamesmirg, B.8c., F.I.C. Fourth Edition. 7s. 0d, net.

Quantitative Analysis. By Fraxk Crowes, D.Sc.Lond,, and J. B. CoLEMAN,
A.R.C.Sci.Dub. 12th Edition. 133 Engravings. 18s. net. Qualitative
Analysis. Ninth Edition, 84 Engravings. 12s. 6d. Elementary
Practical Chemistry. Part I. 7th Ed. General Chemistry, 76 En-
gravings. Gs, net,

Elementary Analytical Chemistry. By F. Croweks and J. B. ConkMax,
11th Edition revised by Fuaxcis ARNALL, Ph.l),, and F. N. AprLEYARD,
F.I.C., Ph.C. &=, net,

An Elementary Text-Book of General Microbology. By Wakp GILTNER,
98 Ilustrations, 15s. net.

Text-Books of Chemical Research and Engineering.
Edited by W. P. Drearzg, 0.B.E,, F.I.C.

Clouds and Smokes. The Properties of Disperse Systems in Gases, By
W. E. Gisss, D.Sc, 30 Illustrations. 10w, 6d. net,

The Theory of Emulsions and their Technical Treatment. By W.CLavrox,
D.8ec. Second Edition, Foreword by Prof. F. G, Doxsax, F.R.8, 42 Illus.
trations. 15z net,

Catalytic Hydrogenation and Reduction, By E. B. Maxrep, Ph.D., B.Sc.,
F.C.B., With 12 [Ilustrations. &1 net.

Surface Tension and Surface Energy and their Influence on Chemical
Fhenomensa. By R. 8, Winrows, M.A., D.Sc., and E. Hatscaxx, Third
Edition. With 25 Tllustrations, 6z 84, nat.

Molecular Physics and the Electrical Theory of Matter. By J. A,
CrowrneRr, Sc.D, Foarth Edition, With 33 Illustrations. 7+ 64, net.

Notes on Chemical Research. By W.P, Drrarer, O.B.E., F.1.C. Second
Edition. 7= 8d. net.

An Introduction to the Physics and Chemistry of Colloids. By Eaic
Harsouex. Fifth Edition. With 22 Illustrations, 74, 64, net.

Catalysis and its Industrial Applications. By E. Josrina, M.C., A.R.C.8¢c.,
B.8e,, F.C.8. Second Edition. 12 Illustrations. 7e.8d. net.
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Physics
Microscopy 2 Miscellaneous

The Physics of X-Ray Therapy. By W. V. May~rorp,

M.Sc., Physicist to Radio-Therapeutic Dept. of Cancer Hospital (Free),
London. 106 Ilustrations. 10s. 6d. net.

Elementary Physics. By G. Steap, M.A. Lect. in

Physics, Univ. of Cambridge. Third Edition. 291 IMnsteations,
10s, 6d. net. Alsoin 3 Parts. 4s. net each.

A Handbook of Physics and Chemistry. By H. E.

Corsiy, B.Sec.Lond,, and A. M. Stewarr, B.Sc.Lond, Fifth Edition,
200 Illustrations, 12« 64, net.

A Treatise on Physics. By AxpreEw Gray, LL.D.,

F.R.8. Vol.I. Dynamics and Properties of Matter. 350 Illus, 18s, net,

A Text-book of Physics. Edited bv A. Wiryer Durr,

D.Se. Fifth Edition. €09 Illustrations. 18s, net.

The Conduction of Electricity through Gases and
Radio-activity. By R. K. MeCruxe, M.A,, D.Sc. 8: 64 net,

The Principles of Radiography. By J. A. Crowrsng,

Sec.D,, F.Inst.P. With 55 Illustrations. 7s. Bd. net.

The Microtomist’s Vade-Mecum. By Arraur Bories
Lre. Ninth Edition. Edited by J. Bro¥t# Garensy, D.Se. 30s, net,

The Horticultural Record. By Rramvanp Cory.
With 117 Plates in Colour and 71 Black and White Illustrations, 42s. net.

The Story of Plant Life in the British Isles. By

A. R, Horwoon, In3vols. 6 6d. net per volume,
Plant Anatomy. By Wirtiam Cuase Stevens, Prof. of
Botany in the Univ. of Kansas, Fourth Edition. 155 Illustrations, 18+, net.

A Text-book of Mycology and Plant Pathology.

By J. W. Harsupercer. With 271 Illustrations. 2ls. net.

A Text-Book of Botany, for Medical and Pharma-

ceutical Students. By J. Smarn, D.8e., F.L.8., Professor of Botany,
Queen’s University, Belfast. Second Edition. 1330 Iiustrations, 21,
net.

Recent Advances in Plant Physiology. By E. C.
Barrox-Werear, M.Se., Lecturer in Botany in the University of London.
8l Tllustrations. 12:x 6Gd. net.

The Mechanical Principles of the Aeroplane. By S.

EropersEy, M.A., Univ. of Leeds. 119 Diagrams. 21s. net.

The Principles of Aeroplane Construction. By
Rawriw Kenwepy, C.E. 51 Illustrations, s 84. net.
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