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WThose who have dissected or inspected many bodies
have at least learned to doubt; when others who are ignorant
of anatomy, and do not take the trouble to attend to it, are

in no doubt at all", Morgagni.

A1l sciences are connected; they lend each other
material aid as parts of one great whole... As an eye torn
out or a foot cut off, so it is with the different departments
of knowledge; none can attain its proper result sepasrately,
since all are part of one and the same complete wisdom",

Bacon.,

"It is of use, from time to time, to take stock,
so to speak, of our knowledge of a particular disease, to
say exactly where we stand in regard to it, to enquire to
what conclusion the accumulated facts seem to point and to
ascertain in what direction we may look for fruitful information

in the future', Osler.
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Foreword.

No attempt has been made to discuss all the
possible intrathoracic cysts and tumours; only common
conditions and those occurring during the ten year
period in one thoracic unit have been included. In the
discussion on pneumonectomy for carcinoma and survival
rate brief reference is made to cases subsequent to the
10 year period reviewed, in fact, to early 1955.

Some variation in the nomenclature of the bronchial
anatomy as described in the X-ray and other reports with
that used in the thesis will be noted. I have endeavoured
throughout to use the nomenclature agreed upon at the
International Conference held on this subject (Brock,
1950), but I have left unaltered the factual reports of
other people as I look on these as quotatibns. The mailn
difference will be found in the upper lobe thé three
divisions of which are now called apical, posterior and
anterior; the apical on occasions has been reported as
pectoral and the posterior as subapical or axillary.

I have arranged the thesis to start with extra-
pulmonary lesions such as neurofibroma and extrapulmonary
cysts, followed by lesions in the lung proper starting
with the simple conditions of lung cyst, hydatid cyst and

passing on to the solid tumours - adenoma, pulmonary



adenomatosis and carcinoma.

Because of the large number of cases reported in
detail it has been necessary to group them in several
volumes - the thesis proper is written in volume one;
the simple cases are No. 1 to No. 47; the malignant
cases are No. 48 to No. 103 and the cases of differential
diagnosis are No. 104 to No. 136.

At one time I had hoped to lighten the burden of the
reader by reporting the cases in the text but this now
seemsqulte impossible and would cause too much interruption.
‘'he cases are arranged as far as possible in the order in
which they are first referred to in the text. In the
simple conditions a brief case summary is given at the
commencement of the relevant section but no account of

this is taken in the subsequent arrangement of the cases.



Introduction.

Thoracic surgery was still very much in its
infancy in 1942 when I started to collect the records
and pathological material for this thesis, scarcely
nine years had passed since Evarts A. Graham had
performed in America the first successful pneumonectomy
for cancer. In this country comparatively few such
pneumonectomies had been carried out and these chiefly
only in the preceding five or six years. At that time
the diagnosis of lesions in the chest was haphazard and
based on no very secure foundation. The extensive
ignorance of the significance of many clinical signs and
X-ray appearances was being underlined by finding at
operation frequent errors in diagnosis. It seemed
worthwhile to try to corrvelate the clinical picture, the
X-ray appearances, the bronchoscopic picture (particularly
in cases of carcinoma) with the pathological specimen and
the appearances within the chest seen at operation. I
felt that if this correlation was carried out much useful
knowledge and information would follow and one would
learn the true significance of many clinical signs and
X-ray appearances. The experience gained from these
studies has proved to be of the utmost value and it is

now possible, having viewed a shadow within the chest



on appropriately taken X-ray films, to be able from
past knowledge and experience, to state the site and
probable pathological nature of the primary lesion
and, if intrapulmonary, the segment of lung involved.
Thus a dense rounded shadow lying posteriorly in the
superior mediastinum is generally due to a neurogenic
tumour; a rounded or pear shaped shadow in the
mediastinum, centrally placed in the lateral film, is
most likely to be a bronchogenic cyst; while a
spherical or lobulated swelling more or less centrally
placed antero-posteriorly in the anterior mediastinum
will be a lesion within the thymus, such as a thymoma
or a dermoid cyst. Following the researches of Brock
(1948 & 1952), intrapulmonary wedge shaped shadows can
now be recognised with considerable confidence as being
due to atelectasis of a segment of the lung and the
exact segment definitely named.

The undoubted increase in the incidence of
carcinoma of the bronchus emphasised the necessity of
familiarising oneself with as much information on the
subject as possible. Only in this way could one hope
to diagnose the condition at an earlier stage and thus
improve the patient's chances of successful operation

and survival. For example, from this it has become
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clear that any persistent alteration in a middle aged
patient's cough, any delay in resolution or recurrence
of pneumonia or persistent haemoptysis should be viewed
with grave suspicion as being due to a bronchial carcinoma.
In an endeavour to reach an earlier diagnosis in
these cases I examined the sputum for tumour cells in
many patienté with suspected carcinoma. Undoubtedly
this is a method of investigation of considerable value
in expert hands but I was forced to forego this aspect
of the work because I found that my knowledge of cytology
'was too inexpert and the pressure of routine surgical work
was too demanding to permit of the somewhat lengthy |
microscopic study required in each case, but I found the
experience was valuable.
The surgery of carcinoma of the bronchus in 1942
and in the subsequent six years presented several
problems of grave concern in the patient's prognosis,
problems which seemed worthy of study. Foremost
amongst these was the frequent failure to maintain
closure of the bronchus after pneumonectomy, indeed
up to and including cases in 1948 over 40%k certainly
developed a broncho-pleural fistula and a further
20% probably developed such fistula. Various steps

were taken to combat this complication until now a



4

method of closing the bronchus has been evolved
whereby fistula does not occur. he seriousness

of broncho-pleural fistula i1s found in the fact that
practically all these patients died either directly
from the fistula and consequent tension pneumothorax
or from the subsequent empyema.

In carcinoma of the bronchus I hoped by preserving
the specimen in such a way as to retain its shape (as
far as possible) and by subsequent carefully placed
"euts" to dbtain a picture comparable to that seen on
the X-ray film. <Thus one hoped to be able to produce
a pattern tumour and its lung effects to fit accurately
apprepriate X-ray appearances.

Features such as segmental collapse of a lobe could
be confirmed by demonstrating within the specimen a
tumour occluding that segmental bronchus. In the same
way 1 hoped to be able to explain the reason for various
bronchial deviations and distortions seen on X-ray films
by finding a tumour or lymph node pressing on that
bronchus and causing distortion. It seemed that if one
could demonstrate the latter feature in some cases it
might influence one in the approach to that type of case
and perhaps even decide one against the advisability of

operation. For example, in a case with a tumour in the



lung substance and a rounded shadow at the hilum
pressing on or altvering the stem bronchus, could one

on occasions say categorically that is an invaded gland
and that being so from past experience this case is
inoperable?  Alternatively, if one diagnosed an invaded
hilar gland before or during the operation could one by
comparing the specimen and the follow up decide whether
resection was justifiable or not? Would the patient
survive any length of time? It seemed that a histo-
logicaly study of the tumours removed would confirm or
disprove the apparent greater malignancy of oat-cell
tumours, a view so often reported, and if this greater
malignancy was confirmed could one prove definitely that
such a tumour was or was not worth removing?

Throughout the ten years that this study has taken,
many other problems have been considered and welghed in
the balance of test and experience. In some of these
a definite answer has been found, in some no more than
an impression has been formed, while in others the answer
is still unknown. Such problems concerned the guestion
of post-operative drainage tubes and if they were used
how long should they be left in situ? If no drainage
was carried out should the chest be aspirated in

subsequent days and, if so, should the fluid all be



removed or just sufficient to keep the bronchus suture
area "dry" and above the "watermark" and thus encourage
obliteration of the space (as one thought), the popular
belief being that the fluid would subsequently become
organised. Our practice in these matters is now
securely founded on observation and experience derived
largely from the cases that follow.  Another problem
concerned the value of post-operative X-ray therapy and
while no definite routine has been carried out (in other
words, 1t has not been the custom to irradiate all
pneumonectomy cases with invaded glands) it has been
possible to state an "impression" about this problem
(see page28l).

From 1942 to 1952 I have collected and analysed
all the simple tumour's and cysts. These are made up
as follows:- adenoma, bronchogenic cysts, dermoid cysts,
neurogenic tumours, thymic tumours. I have, however,
confined my analysis of malignant tumours to the 55
bronchial carcinoma which were ultimately resected, but
I shall refer to certain inoperable cases to illustrate
several points. I personally washed, pinned out,
injected etc. 93 of these specimens; I dissected these
and arranged the material for photography. In most

cases where the lung or lobe was removed intact a



satisfactory correlation was achieved between the
X-ray appearances and the morbid anatomy of the
specimen; as experience grew this proved to be of
the greatest value in interpreting new cases and
enabled me to project previous experience particularly
in the reading of X-ray films. The areas for histo-
logical examination were personally selected and the
prepared slides have all been examined by me. From
these slides whether the diagnosis was made by me alone
or confirmed by a professional pathologist the fields for
photomicrography were either chosen using a Maltwood
Finder or directly selected at the time of photography.
Defects seen or errors of judgement made in the
method of cutting specimens or in the areas selected for
photomicrography are certainly mine and are not the fault
of the photographer.
While I personally operated on several of the cases
included in this series the majority were operated on by

Mr. Bruce M. Dick with myself as first assistant.



Neuwrogenic ‘lumours.

In this group of tumours there were 12 cases,
11 of which were operated on and the diagnosis confirmed.
‘The unoperated case showed the x-ray appearance typical
of neurofibroma in that it occupies the posterior aspect
of the apex of the left hemithorax. Mr. Dick advised
against operation as the patient was comparatively free
of symptoms. Of the 11 cases subjected to operatiocn
7 were found to be ganglionic neuroma and 4 were
neurofibromata, one of the latter occurred in a case
of generalised neurofibromatosis.

Ganglioneuromata.

Case No.2, (page 387) A boy aged 5, developed
congestion of the lungs five months prior to admission.
X-ray examination at this time revealed what was thought
to be a cyst in his left chest, but later in the
thoracic unit this was thought to be a solid spherical
mass. It occupied the left chest posteriorly
extending from the apex to the level of the ninth rib.
The tumour had widened the first three dorsal inter-
vertebral foramina and there was a prolongation of the
tumour into the third foramen.  When examined after
operative removal the tumour was found to weigh 412 gms.

(15%0zs.) and to have the structure of a ganglioneuronma.



The patient made a good recovery and remained well.
Case No. 3, (page 393) A male aged 17, had
been known to have a "dullness'" at the right lung
base for 5 years. Having had his attention drawn
to this area he began to experience a dull ache and
he became aware of a lump at this site. The lump
was more prominent when he bent forward. Nevertheless,
he was able to play rugby (scrum half) for his school
team and was considered to be a good player. On
examination for admission to the banking profession
the agbnormality in the thorax was recognised and he
was referred to Hairmyres. He was found to have a
spinal "gibbus" from the 10th to 12th dorsal vertebrae
and a moderate scollosis convex to the right with
consequent flaring outwards in a posterior direction
of the right lower ribs. X-ray examination showed
a mass in the right lower chest, pushing back between
the heads of the 1lth and 12th ribs; the 1lth rib was
subluxated upwards and the 12th appeared to be
fractured. Dorsal vertebrae 10, 11 and 12 showed
erosion which reached the laminae of the 11th and 12th
vertebrae; this decalcification had caused partial
collapse of the vertebrae. At operation a large

1obu1ated mass occupied almost the entire right
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hemithorax. It was adherent to mediastinum, spine
and diaphragm. Excision of the tumour was extremely
difficult and was carried out by removing 1t piecemeal.
'he amount of tumour tissue removed weighed 1871 gms.
(41bs. 2 oz.) and the growth was a ganglioneuroma.
Perhaps this tumour should be regarded as locally
malignant on account of the notable degree of fusion
with adjacent structures and bone changes. It is the
only one with such properties in the group of cases.
Case No. 6, (page4ld ) A 13 year old schoolboy
was admitted to Falkirk Infirmary on account of
unrelated symptoms and during his stay in hospital
x-ray examination of his chest revealed a mass in the
postero-superior aspect of the left chest. At
operation a neoplasm was found in the paraveriebral
gutter in contact with the bodies of the 2nd, 3rd and
4th thoracic vertebrae. ‘I'wo prolongations of the
tumour extended into the second and third intervertebral
foramina and a third had attachment to the origin of the
descending aorta. The tumour was kidney shaped and
measured 1O x & cm. in size. It had the usual naked-
eye appearances of a ganglionic'neuroma and microscopic
examination confirmed this diagnosis. The patient

made a good recovery.
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Case lo.10, (page 4%9) A labourer aged 55, had
had a slight, but persistent, cough for six months.
An opacity in the apex of the right lung seen Dby
fleuroscopy was dlagnosed as a carcinoma of the lung.
At operation a hard mass was found in the paravertebral
gutter in the superior mediastinum. Blopsy tissue
only was removed and proved to be from a ganglioneurona.
Reference to the x-rays of this case show a rather
wedge-shaped shadow: an unusual appearance for an
intra-thoracic nerve tumour which usually shows as a
dense rounded shadow. Recovery was satisfactory and
despite failure to remove any substantial mass of the
tumour, its progress is likely to be very slow and the
prognosis is fairly good.

Case No.5, (page 408) A soldier aged 25, was
discovered on mass radiography to have a shadow in
the posterior aspect of the left superior mediastinum,
the situation and characters of which suggested a
neurofibroma or ganglioneurona. It had a prolongation
into the 4th intervertebral foramen snd had eroded
the pedicle of the 4th dorsal vertebra. After
removal the growth measured 5 cms. in diameter and
contained scanty ganglion cells. Death occurred

suddenly some hours later.
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Case No. 7, (page 420) this 48 year old female
was found on mass radlography to have a large shadow
in the posterior part of the upper half of the left
chest, i.e. in the site for a nerve tumour. At
operation a prolongation of tumour tissue was found
to extend into the 4th intervertebral foramen. A
tumour weighing 1247 gms. (21bs.l20zs.) was
successfully removed and proved to be a ganglionic
neuroma. Recovery was uneventful.

Case No. 12, (page 450) This female child of
3 years had recurring chest colds for six months
with persistent fever thought to be pneumonia.
Clinical and radiological examination revealed a well
defined neoplasm of the posterior superior mediastinum
on the right side. This was removed surgically and
proved to be a rather immature type of ganglionic
neuroma. The child made a good recovery and remained
well.

Neurofibromata.

Case No. 9, (page 427 ) This 49 yeér old patient
for 5 years had had progressive pain in the right
axilla, down the arm and into the fingers of her hand.
The pain became so severe that she had had to give up

her work and there was evidence, of involvement of the
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brachial plexus resulting in atrophy of the intrinsic
muscles of the hand. For eighteen months she had a
cough productive of purulent sputum and accompanied
by increasing breathlessness. There were signs of
generalised cutaneous neurofibromatosis and a mass of
similar character occupled the posterior mediastinum.
When removed at operation the tumour measured 9 x 7.5
cms.; it had attachment to the brachial plexus.

This patient subsequently died during a post-operative
chest aspiration, possibly from air embolism.

Case No. 1, (page 381l) This 36 year old engineer
four and a half years prior to admission to the thoracic
unit and again one month before admission developed pain
at the 5th dorsal vertebra. This pain radiated round
the right side of the chest, upwards over the sternum
and downwards over the epigastrium. In spite of the
unusually low site on the vertebral column a pre-

‘ Opérative diagnosis of intrathoracic neurofibroma was
made and this was confirmed. At operation a tumour
5.5 X 2.5 cms. in size was removed from the lateral
aspect of the 5th dorsal vertebra medial to the
descending aorta. The growth was a simple
neurofibroma and the patient made a good recovery.

Case No.1ll, (page 443) This 40 year old
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housewife had been breathless for two years prior to
operation and suffered from arthritis. Z-ray
examination revealed a tumour in the upper right
chest. An artificial pneumothorax was induced and
the lung collapsed away from the tumour and the chest
wall. The site of the tumour and its appearance were
suggestive of neurofibroma. This diagnosis was
subsequently confirmed. The growth removed at
operation was 10 x 7.5 cm. in size. It appeared to
be attached to the second intercostal nerve at the
neck of the second rib. Recovery from the operation
was satisfactory and there was no recurrence of the
tumour.

Case No.4, (page 403) A 39 year old clerkess
was x-rayed prior to going to Canada and was found to
have a shadow in her right chest. Previously she had
had no symptoms. A neurofibroma, the size of an apple,
was removed. It had a narrow pedicle of attachment
to the region of the middle of the first rib.

Recovery was satisfactory.

Case No.8, (page 424) An electrical engineer aged
24, had complained for 7 years of vague pains in the
anterior aspect of his chest. On x-ray a rounded

homogeneous mass was seen occupying the posterior
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aspect of the apex of the left hemithorax.
Operation was not thought to be necessary and he was

dismissed with advice to be examined regularly.
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A Survey of the Features of

Intrathoracic Neurogenic ‘lumours.

The literature on this subject 1s confusing,
particularly in regard to the exact pathology of these
tumours and to the chances of malignant change occurring
in them. ‘Iwo main varieties are encountered, those
arising in the course of peripheral nerves and those
connected with the sympathetic nervous system. With
regard to the first group any nerve may be the site of
origin of a neurofibroma but they usually arise from
intercostal nerves. There is still some confusion as
to their exact origin, while in general it is agreed
that they arise from the nerve sheath from which part
of the sheath is still controversial. The confusion
has been increased by the wide variety of names applied.
Those arising from intercostal nerves have been
variously described as fibroblastomas, schwannomas,
neurilemmomas, fibromyxomas, fibroneuromas, etc.,
generally speaking these tumours are usually spoken
of as neurofibromas. From the welter of pathological
detail written on this subject one finds the clinician
taking recourse to the use of the term "neurofibroma"
for those tumours commonly found arising somewhere in

the course of the peripheral nerves and if malignant
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features develop, neurofibroma undergoing sarcomatous
change.

The second group, i.e. tumours arising from the
sympathetic nervous system, have been classified by
James and Curtis (1941) under three main headings
with various subdivisions -

1. completely undifferentiated sympatheticoblastoma,

2. incompletely differentiated tumours,

3. differentiated forms, especially ganglioneuroma.
With intrathoracic tuwmours arising from the sympathetic
nervous system the type most often seen is the
ganglioneuroma. Kent et al (1944) point out the
importance of careful search through all areas of the
tumour in order to obtain a true diagnosis. In some
specinens many sections may show the appearance of a
typical neurofibroma with spindle-shaped cells set in a
well-formed fibrillar matrix.  Vhorl formation is a
frequent feature. IHyaline degeneration with cyst
formation or calcification may occur (Case No. 1,
page 381). TVhen further search is made it may reveal
areas of multipolar ganglion cells.

In the thorax these tumours lie with few exceptions
in or near the posterior mediastinum and in the apex of

the thorax. In the 11 cases operated on in this series
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10 were lying in the posterior medlastinum; 1in soume of
these ihe tumour had reached such massive dimensions that
only a small part remained in contact with the mediastinum
(Case Nos. 2 and 3, page 387& 393), the remaining case

was found in the lateral chest wall (Case No. 4, page 403).
Kent et al (1944) had 21 cases, 19 of which were in the
posterior part of the thorax and only £ were in the
anterior mediastinum. ithey collected a further 101 cases
from the literature; only 2 of which were in the anterior
mediagtinum. D'Abreu (1947) reported 8 cases of which

7 were operated on; 4 were in the typical site in the
posterior mediastinum, one a large ganglioneuroma was in
the anterior mediastinum and the remaining two were in

the lateral aspect of the chest wall.

It is well recognised that some of the nerve tumours
arise within the intervertebral foramina and that in their
growth they may extend both into the spinal canal and also
outwards into the thorax. In 4 of my 11 cases a
prolongation of tumour tissue could be seen at operation
to pass into an intervertebral foramen causing dilatation
of the foramen, (Case Nos. 2, 5, 6 and 7, page 387,
408, 415, 420). In Case No. 6, (page 413) the tumour
passed into intervertebral foramina 2 and 3 and in Case
No. 2, (page387) it widened intervertebral foramina 1,

2 and 3 and had an obvious extension into 3.
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In none of these cases was there any evidence of
pressure symptoms from the intervertebral projection

of the tumour. wWhen the projection into the
intervertebral foramina eniarges 1t will of necessity
project into the spinal canal and there produce
symptoms and signs of intraspinal tumour related to

the level at which the tumour lies.  Vhen the tumour
reaches such dimensions as this it will of necessity
consist of two portions, a larger intrathoracic mass
and a smaller intraspinal mass, the two being connected
by a narrow strip of tumour, hence the name hour-glass
or dumb bell-shaped tuwmour. It seems likely that where
there is widening of the intervertebral foramen without
obvious intraspinal extension the tumour had enlarged
the foramen by the pressure of its growth in the thorax
rather than that the tumour had its origin in the nerve
-as 1t passed through the foramen. This would appear
to be rather confirmed by the fact that all four of
these tumours were ganglioneuromata which presumably
are much more likely to arise from the region of the
sympathetic ganglionic chain than from the much smaller
rami communicantes. That these tumours may grow to a
large size within the thorax is evidenced particularly

in Case Nos.2 and 3 (page 387, 393%); in the former
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the portions of tumour removed welghed 1871 gus.
(41b. 20z.), while in the latter, a child of &, it
weighed 412 gms. (15%o0z.) and extended from the lst
to the 7th dorsal vertebra. That this size may be
reached by rapid growth is borne out by the case
reported by lcFarland (1931) which weighed 2041 gns.
(4%1b.) after apparently growing for only one year.
While pathological fracture of ribs should always be
viewed with suspicion as 1t may indicate malignancy,
it should not preclude the possibility of surgical
intervention in cases whose other features are suggestive
of simple nerve tumour in view of the fact that
decalcification and even fractures of rib may be the
result merely of pressure. Case No. 5, (page 408 )
had erosion of the pedicle of the 4th dorsal vertebra;
while Case No. 3, (page 393 ) showed subluxation of
the 11th rib and erosion of the 10th, 11lth and 12th
dorsal vertebrae extending in a lateral direction as
far as their respective laminae; these vertebrae were
partially collapsed. The unoperated case (Case No.
8, page 424) showed pressure erosion of the neck of
the 2nd rib. |
Mediastinal nerve tumours, arising as they do

from intercostal or sympathetic ganglionic chains,
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originate in the region of the lateral aspect of the
veftebral bodies. As they increase in size they push
the intact pleura in front of them thus making a false
capsule for themselves. As growth proceeds adjacent
structures are displaced; in Case Nos. 9 and 10,
(page 427, 439) the trachea was pushed to one side;
in Case No. 1, (page 38l) the aorta was encroached
upon; all showed some displacement of lung, the
largest tumours having caused almost total collapse.

There has been much argument as to whether these
tumours undergo malignant degeneration or start in
displaced embryonic tissue having potential malignant
properties. Similarly, there is divergence of
findings in reported series of cases. Of the 12 cases
here discussed only one (Case No. 2, page 387) though
diagnosed histologically as a simple ganglioneuroma,
could be looked on at least as locally invasive on
account of the huge size to which it had grown and the
decalcification and collapse of three vertebra which it
had caused.

While many neurogenic tumours become malignant it
is worthy of note that Cushing & Wolbach (1927) report
the case of a boy in whom at 2 years of age a

sympatheticoblastoma was partly removed and in whom
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re-operation 8 years later revealed that the tumour
had developed into a ganglioneuromua.

Kent & Blades (1944) found 41% malignancy in
the.series of intrathoracic neurogenic tumours at the
Barnes Hospital, St. Louis. In a review of 105
reported cases they found a malignancy rate of 37%.
These figures appear to correspond with the incidence
of 41% malignancy found by Geschickter (1935) in his
review of 850 primary nerve tumours from other parts
of the body. Blades (1946) in a further series of
Army cases, had only 1 malignancy in 30 cases.
‘D'Abreu (1947) reported & cases of neurofibromata,
iﬁ_only one of which malignant change was present,
but subsequently 2 further cases were seen, both of
which were malignant.

Rarely, primary solitary neurogenic tumours occur
within the lung; none has been seen in this series.
Diveley & Daniel (1950) reported the successful
removal of a simple tumour in the middle lobe of the
right lung of a 85 year old male; a second intra-
pulmonary case in the left upper lobe was treated by
pneumonectomy and found to be a neurogenic sarcoma
with secondary nodules in the mediastinum. In a

review of the literature they were only able to find



one other example of each type.

Thile Case No. 9, (page 427) is an example of
generalised neurofibromatosis with a solitary
mediastinal neurofibroma, in my series there was no
instance of multiple neurofibromatosis scattered
throughout both lungs without evidence of neurofibroma-
:toslis elsewhere in the body as was found by Rubin &
Aronson (1940) in a 57 year old diabetic negro woman.
Scattered over the surface of both lungs there were
nunerous projections of tissue with narrow pedicles
and throughout the cut surface of the lungs they found
small masses 0.5 to & cm. in diameter.  When this
patient had been in hospital 4 years previously these
tumours had been seen on x-ray examination as multiple
shadows throughout both lung fields and naturally had
been diagnosed as multiple malignant secondaries from
an unknown primary. X-ray of the chest 4 years later
showed no alteration in these appearances. One of the
nodules had broken down and become infected. Death
resulted from a marked basal meningitis presumably
originating from the resultant lung abscess.

Clinical Picture.

In the 12 cases discussed in this group the ages
ranged from 3 to 55. Kent et al (1944) reported
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in their series of 21 cagses a girl aged 3, while at
the other extreme, rodriguez & Brito (1951) operated
on an 80 year old man and removed a small neurofibromea.
There were 7 males and 5 females. sSex 1lncldence
varies widely in the reported series of cases, in
general men are more commonly affected than women.
rodriguez & Brito (1951) found the sex incidence to
be equal, Kent et al (1944) on the other hand had
14 men as against 7 women.

Many cases are discovered quite incidentally.
Case Nos.4, 5 and 7, (page 403, 408, 420) were
picked up in the course of mass radlography survey;
others are discovered by chance x-ray of the chest
for some other condition (Case No. 6 page 413 ).
It is not surprising that a higher percentage of
accidentally found cases should occur in America
where routine x-ray of chest is taken of every patient
entering hospital. In consequence a proportion of
the cases have no symptoms. In this way Kent et al
(1944) reported 8 out of 21 cases as incidental
symptoﬂless findings.

When symptoms occur they are usually mild in
character and assoclated with pressure effects. There

may be only a sensation of vague discomfort in the
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chest or, as in Case lio. 1, (page 381) where the

tumour has intimate relationship with an intercostal
nerve, the main or only feature may be pain referred
along the intercostal nerve. Occasionally, the
referred symptoms are more accurately localised as

in Case No. 9, (page 427) in which the main symptoms
were spasmodic pain in the arm, forearm and hand
accompanied by numbness and tingling. The pain was

so marked in the hands and fingers as to affect her
grip. Loss of sensation was found in these areas and
there was wasting of the thenar eminence. In this
~case at operation the tumour had attachment to the
lowest trunk of the brachial plexus. Vhen the tumour
reaches moderate to large size pressure effects become
more frequent and may include unproductive cough due to
pressure on and possibly displacement of the trachea
(Case Nos. 9 and 10 page 427, 439 ) accompanied in some
cases by stridor. UWhere the tumnour is bulky a
considerable portion of the lung may be collapsed with
consequent breathlessness (Case Nos. 10 and 11 page 439,
443). Pressure effects may also involve the recurrent
laryngeal nerve with consequent hoarseness and when the
sympathetic chain is affected a Horner's syndrome may

develop.
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Seven of the twelve cases had definite abnormal
physical findings on chest examination.  All 7 showed
impairment to percussion, an actual area of dullness
over the tumour site being noted in 6. In Case
No. 12, (page 450 ) these findings were sufficiently
obvious to cause an initial diagnosis of pneumonia.

In all the other cases the respiratory murmur was
reduced in quality as was the vocal fremitus and
resonance. In Case No. 9, (page 427 ) the respiratory
murmir over the tumour area was bronchial. Naturally
these cases which showed abnormal physical findings

had the largest tumours.

The outstanding clinical feature of nerve tumours
is found on X-ray. In no other condition is the
diagnosis so positive. In the postero-anterior film
the tumour is seen as a solid dense shadow with a well
circumscribed smooth margin. The following cases are
classical examples; Case Nos.2, 4, 5, 7, 9, 11
and 12, (page 387, 403, 408, 420, 427, 443, 450).

In the majority of cases it occupies the summit of one
or other side of the thorax; (Case Nos. 2, 5, 6, 7,
8, 9, 10, 11 and 12 page 387, 408, 413, 420, 427, 439,
448, 450 ). The diagnosis is clinched when on the

lateral film the shadow is seen to be in the posterior
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mediastinum and on screening is found to be non-
pulsatile (Case Nos. 1, 2, 5, 7, 8, 9, 11 and
12, page 381, 387, 408, 420, 424,427, 445,450). If
there is a prolongation of the tumour into one or more
infervertebral foramina, evidence of such can usually
be seen on appropriately taken x-rays as widening of
that foramen (Case No. 7, page 420). Pressure
effects may be seen in erosion of ribs or vertebrae
and may lead to fracture in the former and collapse

of the latter (Case No. 3, page 395).

The lobulated appearance seen in the x-rays of
Case No. 3, (page 398) should make one suspicious of
rapid growth and therefore suggestive of malignancy.
Kent et al (1944) believe that the presence of a
pleural effusion does not justify the assumption of
malignancy and they quote a case of Harrington's in
which a benign neurofibroma was removed in spite of the
presence of a blood stained pleural effusion.

A correct pre-operative diagnosis is nearly always
reported in those posterior mediastinal tumours. One
requires to consider in the differential diagnosis such
conditions as bronchogenic cysts, dermoids and
retrosternal goitres. Cysts and dermoids are not

usually quite so highly placed in the mediastinum and
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on lateral x-ray lie centrally in the former and
anteriorly in the latter (Case Nos. 20 and 16,

page 5168, 485 ). Intrathoracic goitre is
generally said to occur in the anterior mediastinum
but that has not been universal in my experience.

Case No.109, (page 1223) has been chosen to exemplify
several cases in which the intrathoracic portion of
the goitre gaﬁe rise to difficulty in diagnosis by
having passed down the left lateral aspect of the |
trachea eventually to reach a position posterior to it,
the trachea being displaced forwards and to the right.
The diagnosis of the unusually placed lateral and
anterior nerve tumours is much more difficult and they

are apt to be diagnosed as bronchial cysts or dermoids,

(Case No. 4, page 403).

Ireatment.
It is essential that these tumours be removed at

an eafly stage. Even if they do not become malignant -
and a relatively high malignancy rate has been reported
in many reviews -~ they may enlarge to such an extent that
they interfere with, or threaten to destroy by pressure
closely related structures, by which time their removal
will be both difficult and dangerous. Admittedly,

some cases have been observed for years without any
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change in size. Kent et al (1944) report a case in
which the growth remained constant in size for six
years but in a further five years it had increased
markedly.  licFarland (1931) reported a tumour in a
12 year old girl reaching 2041 gms. (4%1b.) in weight
in one year.

X~-ray therapy has no place in the treatment of
these tumours nor is it of diagnostic value in "test"
dosage for it has very little effect on either the
simple tumours or the malignant ones.

Fortunately operative removal of the average
sized tumour is a simple matter. The usual highly
placed and posterior situation makes them easily
accessible through a posterior thoracic approach
which aims at opening the chest through the bed of
the resected 3rd or 4th rib. The tumour is found
well encapsulated and the pleura covers it as a false
capsule and strips readily from its surface. The
tumour can then be eased out of its bed near the necks
of one or more ribs and frequently the only obstacle
to complete enucleation is a small pedicle to its nerve
of origin. This, however, 1s easily clamped, divided
and ligated (Case Nos.1, 4 and 11, page 581, 403,

443). If there is a small intervertebral foramen



extension it can usually be dissected out (Case los.
2, b5, 6 and 7, page 387, 408, 415, 420).

When, however, the tumour is dumb-bell shaped
and has an intraspinal projection, the operation
should ideally be carried out in close co-operation
with a neurosurgeon. In thése circumstances, it is
generally advised that the first step should be the
removal by the neurosurgeon of the intraspinal portion
and if the patient is still in good condition the
intrathoracic portion is then dealt with; if the
patient's condition does not warrant further
intervention the intrathoracic portion is left to a
later date.

When the tumour is of very large size operation
is fraught with difficulty because of adhesion to the
chest wall and important structures. Under these
circumstances it may be possible to perform only a
biopsy or, as in Case No. 3, (page395 ), to remove
the most prominent lobules of the growth. The risk
of haemorrhage is serious and in my opinion diathermy
should be available at such operations to assist in the

control of haemorrhage.



31

Operative Mortality.

As would be expected the operative mortality
varies with the type and the extent of the tumour
found. ‘he straightforward simple nerve tumour
should present no difficulty at operation and in
consequence has a negligible mortality. It is a
different matter when the tumour 1s large and densely
adherent, here the operation is both difficult and
dangerous, post-operative death from shock or
haemorrhage being not infrequent. Three deaths
occurred in the 9 cases operated on. Case No. 9,
(page 427) died in circumstances which might obtain
as an unhappy sequel following any thoracic operation.
On the eighth post-operative day while her chest was
being asplirated she suddenly fell back dead.

Necropsy was not obtained and death was presumably

due to the aspirating needle puncturing the lung and
giving rise to air embolism. Case No. 5, (page 408)
was found to have an intraforaminal extension of his
tumour. This was effectively removed but haemorrhage
was brisk. Before the chest was closed the
haemorrhage was thought to be controlled by packing.
On his return to bed and while he was gradually

recovering consciousness he suddenly collapsed and



died, presumably from a brisk haemorrhage which,

in his already weakened condition, he was unable to
withstand in spite of transfusion. One feels that
perhaps had diathermy been available a more determined
effort might have been made to control the haemorrhage
at operation; even if the bleeding point was not
visible a bent applicator could have been passed into
the foramen to touch and coagulate the bleeding area.
Case No. 3, (page 393), the third death, had a massive
ganglioneuroma which had been densely adherent to
diaphragm, chest wall and spine, complete removal being
quite impossible; as it was, the removal of several
large lobﬁles of tumour weighing 1871 gms. (41b.20z.)
was achieved with great difficulty and with considerable
shock to the patient. Barly the following morning he
died from surgical shock and haemorrhage in spite of
transfusion with blood and plasma. lent et al (1944)
reported 3 deaths in 19 operations. One of these
deaths was very similar to Case No.5, (page408) in
that a brisk haemorrhage occurred during the final
stages of enucleation of the tumour; the haemorrhage
could not be controlled. D'Abreu (1947) was more
fortunate, having no deaths in 7 successful operations.

The prognosis in the case surviving successful



operative removal 1s excellent. In view of the
nature of the tumour one would expect that recurrence
would be common but in the simple non-adherent nerve
tumour this is not so. ‘The probable reason for this
fortunate outlook is that the tumour under these
favourable circumstances will be well circumscribed,
non-adherent and ensheathed in pleura, and will have
as its sole attachment to nerve tissue a tenuous
narrow pedicle. All of these features ensure
certainty of complete removal and recurrence is never
reported in this type of case. The prognosis in the
adherent and rapidly growing nerve tumour is less
favourable, desplte a subsequent simple histological
report. In this type of case complete removal may well
be impracticable and subsequent extension of growth
inevitable. The frankly malignant tumour will in all
probability at operation only provide material for
diagnostic purposes, removal in toto being usually out
of the question. This is particularly true of the
malignant sympathoblastoma which may show its
inoperability by secondaries in the axilla (Pauline,
1947). D'Abreu (1947) had a malignant case with
secondaries in the neck. To ensure a good prognosis

the correct treatment is operative removal as soon as
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the condition is diagnosed and thus avoid the
technical difficulties and dangers attendant on
the removal of a.large tumour of long standing.
Barly operation should reduce not only the number
of malignant growths found but also the number of

growths found to be irremovable at operation.
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Summary of Intratinoracic Neurogenic Tumours.

From the review of these 12 cases it uay be
concluded that simple intrathoracic neurogenic tumours
show a noteworthy similarity in their radiological
features, their sites of origin and their histological
structure. These features are so pronounced that the
diagnosis can now be made confidently pre-operatively,
but that was by no means so when this work was begun.
The characteristic features these growths show on x-ray
examination are their position high in the posterior
mediastinum, their uniformly dense, clean cut and
usually spherical shadow. Wlhen they attain to any
size they displace the lung forwards and related
mediastinal structures may be displaced forwards and
to the opposite side. Pressure effects on the trachea
or bronchi may cause an irritating cough or if more
extensive produce atelectasis and infection in part of
the lung which may lead to & misdiagnosis of pneumonia.
Pressure on the lowest trunk of the brachial plexus may
cause pain in the arm, forearm and hand with atroé& of
the intrinsic muscles of the hand; if the pressure is
against an intercostal nerve "root'" pains will result.
Pressure on bone may cause decalcification and erosion;

where the ribs are involved this may lead to fracture
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or subluxation of their posterlor ends; 1in the
case of the vertebral bodles this may cause
collapse with resultant scoliosis and kyphosis.

At operation the site and solid nature of the
tumour are confirmed as it lies extra-pleurally
in the paravertebral gutter. It is well
encapsulated and usually has a narrow pedicle of
attachment to an intercostal nerve; "finger-like"
prolongations of the tumour may be found extending

into dilated and eroded intervertebral foramina.
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trapulmonary intrathoracic Uysts ¢ Jermoids.

I have separated the extrapulmonary intrathoracic
group of cysts which have no apparent developmental
relationship to lung from those cysts which have such
& relationship and 1 have included extrapulmonary
bronchogenic cysts in the group of pulmonary cysts.
There are five extrapulmonary intrathoracic cysts in
this series, three of these are dermoid or teratomatous

and two are epithelial.

Case No.16, (page 485). This 40 year old railway
worker was admitted to another hospital on account of
symptoms of prolapsed intervertebral disc. 7¥hile he
was in hospital it was noticed that his fingers were
clubbed. An x-ray of his chest revealed a2 shadow in
the anterior mediastinum at the level of the 3rd, 4th
and 5th left costal cartilages. The tumour was removed
at operation. It was lying below the left pulmonary
artery to which it had a narrow pedicle of attachment.
The tumour was 4 X 3 cm., in size; it was mainly solid
and contained several bars of cartilage; the cystic
spaces were lined by modified sguamous epithelium.

The lingula was completely separate from tﬁe upper

lobe. He made a good recovery.
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Case No. 15, (page 477). A 29 year old housewife,
while in hospital recovering from rheumatic fever,
complained of pain in her chest. Z-ray revealed a
cyst in the left chest. she was three months
pregnant at the time.  After the delivery of a full
time baby she was re-admitted and the cyst was removed.
It was in the anterior chest and extended from the left
subclavian to the digphragm; it was adherent to the
pericardium, the lung and the left pulmonary veins.

A portion of pericardiuw required to be removed with

the cyst wall. The cyst contained blonde hair and a
tooth. A small portion of cyst wall required to be
left densely adherent to the subclavian vessels. ‘the
cyst contained areas of squamous epithelium and cilisted
columnar epithelium. The more solid areas contained
cartilage, sweat glands and fat. She made a good
TEecovery.

Case lio. 17 (page 493 ). A &6 year old woman two
months prior to admission developed a chest cold
following which she experienced pain in the left chest
and down the left arm. Three weeks before entering
hospital a lump appeared in the anterior aspect of the
left chest just above and merging into the breast.

With the appearance of the swelling the pain disappeared.
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1his swelling extended from the second to the fourth
costal cartilage. Z-ray showed a shadow in the left
anterior mediastinumn. The swelling was explored and
found to be cystic and to contain cheesy material; it
extended deep to the sternum. Six weeks later the
chest was opened and the cyst was found anterior to the
ascehding aorta in close relationship to the pulmonary
artery and the left auricle. During removal the cyst
ruptured and purulent material mixed with inspissated
pultaceous material. escaped. lmch of the cyst wall
was calcareous. Unfortunately when the tissue was
examined no epithelial lining was found; in
consequence 1t could only be reported as an infected
cyst. Clinically, however, the cyst resembled a

dermoid.  She made a good recovery.

Epithelial Cysts.

Case No. 13, (page 456). 4 man aged 52 had been
breathless on exertion since early adult life. Ten
years prior to admission his chest was x-rayed because
he had had a bad chest cold: a mass was found in the
right upper chest. On admission he was noticed to
have stridor and a husky voice. “he right chest was
prominent in the upper third anteriorly where movement

and percussion were impaired. In this area tihe
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respiratory murmur was diminished. X-ray revealed a
dense rounded opaclty in the upper posterior chest.
There was no erosion of ribs or vertebrae. At operation
a partly cystic tumour was found and removed. 1he fluid
from the cyst was yellowish grey and contained cholesterol.
The cyst wall contained fibrous tissue with many
cholesterol "clefts". No cyst lining was found. e
died from shock three hours after the operation.

Case No. 14, (page 467 ) A 14 year old boy had had
a feeling of tightness in his right chest off and on
for four years. He was always breathless on exertion
and he had always had a cough. At the age of 6 months
he had been in the Royal Hospital for Sick Children
with a cyst at the base of the right lung; the cyst
was aspirated and several subsequent x-rays showed the
chest to be clear. On admission to the thoracic
surgical unit examination revealed diminished movenment
and impaired percussion at the right base. There was
marked scoliosis convex to the left. X-ray revealed
a large cyst in the right chest lying posteriorly in
the mid-zone. the cyst was removed. It had
attachment to the region of the necks of the 7th and
8th ribs. the cyst measured 10 x 7 cm; its wall
varied from 2 mm. to 2 cm. in thickness and it

contained msny hard plagues of cartilage. The wall
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consisted of dense fibrous tissue containing many
cholesterol clefts. Yhe lining was degenerate.

He made a satisfactory recovery.

Classification & Etiology.

The mediastinum is the site of a large variety
of cysts and cystic tumours which Laipply (1945)

classifies as follows:-

Type Derivation
1. Congenital GIDpidermoid cyst  mctoderm
Dermoid cyst Bctoderm & lkesoderm
Teratonma Bctodern, entoderm &
mesoderm
Pericardial liesoderm
coelomic cyst
Bronchial cyst “ntoderm & mesoderm
Oesophageal cyst intoderm & mesoderm
Gastroenteric

cyst, gastric Entoderm & mesoderm

cyst, enteric
cyst

Cystic lymph- B

angloma lhesoderm

2. Acquired Parasitic cyst T'.schinococcus
Neoplastic cyst  Degeneration in solid
tumour
Cystic haematoma Degeneration of a haematoma

He found that epidermoid, dermoid and teratomstous
cysts and tumours were by far the most common, 244
having been reported in the literature, to these he
added one of his own. In 1951 Fralick and Welsman

reported one dermoid and one malignant teratoma;
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at the same time they reviewed 251 cases in the
literature. It is not clear whether they include
epidermoid cystsin this total.

J.A. Gordon reported the first dermoid cyst of
the mediastinum in 1823. It occurred in a woman of
21 and contained sebaceous matter, hair, bone and
teeth. Fralick and ielsman (1951) quote the first
correct diagnosis during life as being made in 1869
when the patient concerned coughed up hair. They
do not name the author of this case.

Clearly these cysts are developmental in origin
but their exact nature is controversial.  Although
the monogerminal and bigerminal views afford some
explanation for the development of these tumours,
as Laipply (1945) points out, they offer no explanation
as to why 656 of these tumours remain dormant for years
and do not manifest themselves until the patient is
over 20 years of age. Of the three dermoid cysts in
my series none occurred under the age of 20, their
ages were in fact 29, 36 and 40. Two other cysts were
of more indeterminate pathology and were probably
epldermoid; the ages of these patients were 14 and

2.
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Pathology.

Neither epidermold cyst had an epithelial lining;
usually they are lined by stratified squamous
epithelium with or without sebaceous glands and an
outer layer of dense fibrous tissue. <The contained
fluid may be clear, watery and yellowish grey as in
Case No. 13, (page 456), thick yellow as in Case
No., 14, (page 467) or more solid pultaceous material
- which may contain hair.

The dermoid cysts as one would expect from their
layers of origin - ectodermel and mesodermal - have
features common to the epidermoid cySts with in
addition bone, cartilage, teeth and muscle.

It is doubtful whether one is justified making
a distinction between the epithelial and dermoid
cysts.

lhe teratoma is usually more solid than either
the epidermold or dermoid tumours; 1t contains
elements of both with, in addition, tissue from one
or more of the following - the digestive or respiratory
tracts, thyroid or thymus. ‘The cyst in Case No. 15,
(page 477) contained hair, one tooth, cartilage,
sebaceous glands and islands of columnar epithelium

probably of respiratory type. In the words of
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Nicholson (1954) "teratomata are the most complex

and monstrous of tumours. They introduce us into

a world of phenomena undreamed of in normal evolution.
They lead to an understanding and just appreciation
of the countless unending potentialities of living
natter”,

Fralick and Welsman (1951) believe that many
cases contain elements necessary for such a teratomatous
diagnosis but these are not found because, either
extensive necrosis of the tissue has occurred and a
true histological picture is not obtained, or a single
germ layer, particularly ectoderm, has overgrown the
other layers or that insufficient material has been
taken for histological examination.

Although they are more solid than epidermoids
or dermoids they frequently contain one or more cysts
which may be lined by stratified squamous, cuboidal or
columnar epithelium. They may reach a large size and
vie with lipoma as the largest mediastinal tumour.
Doran and Lester (1939) report one which weighed 5.3
kilograms and quote a report by Frose and Hospers of
one weighing 9 kilograms. Both the cystic and the
more solid types are potentially malignant;

approximately 306 of the malignant transformations
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occur in the cystic cases and 70% in the more solid
tumours. Of the 245 epldermoid, dermoid and teratoma
cysts reviewed by Laipply, 11.4% were malignant.
Dermoids and teratomas are almost invariably
found in the anterior mediastinum in front of the
heart and great vessels. Gebauer (1943) recorded

an intrapericardial teratoma.

Sex and Age Incidence.

Of the five cases included in this series three
were males and two were females. Laipply (1945)
found that in the 224 cases (including both simple
and malignant tumours) in which the sex was stated
the proportion of males to females was 106 to 118.
The great majority of primary malignant teratomata
occur in males in a proportion of 8 to 1 (Fralick
and Welsman, 1951).

As already mentioned the youngest patient was
14 and the oldest was 52. Laipply (1945) found the
youngest was a stillborn child and the oldest a woman
of 62. Although he found 20% occurred under the age
of 17, the majority were reported to be between 17 and
40 years of age. Although these cysts result from
faulty development in embryonic life they do not
manifest themselves untll adolescence or early adult

life.
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'he tumour's increase in size proceeds in step
with the body's natural growth; this with the
additional enlargement consequent on the retention
of squames plus continued secretion within the cyst
presumably results in the cyst reaching sizable
proportions in adolescence or early adult life.

No doubt inflammation in surrounding structures in
some cases may result in an increase in the quantity
of fluid secreted into the cyst; similarly infection
in the cyst itself or malignant change may occur to
cause enlargement. On the other hand, many of these
tumours never attain any great size nor produce
symptoms and are found quite unexpectedly on routine

or post-mortem examination.

Symptoms & Signs.

The symptoms and physical signs are essentially
those of a space-occupying lesion within the chest.
the tumour as it lies in the anterior mediastinum
presses on related structures thus the most common
symptom 1s paroxysmal cough presumably due to pressure
on the trachea or larger bronchi.

Cough. Of the & cases, three had cough as the
presenting symptom and in two of these (Case Nos. 13

and 14, Dpage 456, 467 ) the cough had been present



47

for 13 years. The fourth case (Case No. 15, page
477 ) while in hospital with rheumatic fever five years
previously had complained of pain in her chest and
x-ray at that time revealed the presence of a cyst.
The fifth case (Case No. 16, page 485) four months
before admission to hospital developed pain in his
back and other symptoms suggestive of a prolapsed
disc. While he was being examined for this condition
it was noticed that he had clubbing of his fingers.

An x-ray of his chest was taken and a shadow was seen
in the ieft chest near the left hilum. This was
diagnosed as a pﬁlsating aneurysn but he was sent to
Hairmyres for opinion and the true nature of the
condition was then discovered.

Case No.13, (page 456) was known to have had
his cyst for 15 years, while Case No. 14 (page 467 )
at the age of six months was in the Royal Hospital
for Sick Children with & cyst in the right lower chest
which was aspirated on severai occasions and it was
ultimately repofted that his chest X-ray was normal.
Thirteen years later he reported to Hairmyres with a
cyst in.the same area. Laipply (1945) found that while
one fifth of the case histories were of less than six

months duration, any perilod up to twenty years was a
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relatively common occurrence; one case had a
history of forty years duration.

Dyspnoea on exertion 1s a common symptom and
was present in the two epldermoid cysts and 1n one
dermoid. The larger the cyst the more lung
ventilation gpace is occupled and the greater the
degree of breathlessness. In some instances the
breathlessness may take the form of periodic
asthmatic attacks.

Pain. Complaint is often made of pain in the
chest. It occurred in one epidermoid and in two
of the dermoid cases. It may be a feeling of
tightness in the chest or it may be more definitely
pleuritic or even anginal in type. Haemoptysis may
be present and the expectoration of hair, though very
infrequent, is diagnostic; sebaceous material and fat
droplets may be present in the sputum.

Dullness, on physical examination is the most
frequent finding (Laipply, 1945); it was a feature
in all five cases reported here. Bulging of the
related area of the chest is the next most frequent
occurrence and was present in two cases (Case Nos.

13 and 17 page 456, 493 ). 4 natural accompaniment
of both these features was diminished or absent breath

sounds over the area of the tumour.
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Siteg. If the tumour is large or if it occupies
the superior portion of the mediastinum there may be
displacement of the trachea with prominence and
distension of cervical and upper tlhoracic veins from
pressure on the superilor vena cava;k in some cases,
there is oedema of face, neck and arms accompanied
by cyanosis, most marked on exertion. If the tumour
lies close to the heart and is of some size the latter
will be displaced.

Further colouring of the clinical picture occurs
if the pressure on a bronchus is sufficient to produce
a partial or complete blockage. ‘There will then be
added the features of pulmonary atelectasis, pneumonis,
bronchiectasis or lung abscess with pleural reaction
in the form of clear effusion or empyema. The onset
of infection in the tumour will be dramatic and almost
certainly of grave outcome. In the previously
unsuspected case there will be a sudden onset of
symptonms. Symptoms already present will be more marked
and accompanied by hectic fever, and, if the tumour
ruptures into a bronchus, by abundant offensive sputum.

A positive Aschheim-Zondek test has been recorded
in teratomatous tumours containing chorion-epithelioma

structure. X-ray investigation as in all intrathoracic
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cysts and tumours 1s bringing an ever increasing
number of these tumours to light before the onset of
symptoms.  They are usually circular or oval,
possibly of large size and a characteristic feature

is their situation in the anterior mediastinum -
virtually the only tumour of that shape and uniform
density found in this site. If the tumour is
entirely cystic it will have a clear cut edge and

be of uniform density throughout; part or all of the
wall may show a rim of calcification (Case Nos. 15 and
17, page 477, 493). In some instances denser areas
of opacity are seen within the tumour and indicate the
presence of teeth or bone. If the tumour has ruptured
into a bronchus a fluid level will be present.
Lobulation or rapid increase in size is suggestive of

malignant change.

Differential Diagnosis.

In the thoracic surgery unit at Hairmyres Hospital
it has been found that tumours in the anterior
mediastinum are elither dermoids or teratomata;
tumours of the thymus are usually less well defined
and respond readily to X-ray therapy.

Case No.104, (page 1185 is an example of a thymic

tunour in a man of 46 in whom the clinical picture was
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that of myasthenla gravis responsive to injections of
prostigmin, The tumour was considerably smaller than
the dermoids and when removed at operation was found to
be a cyst 5 cm. in diameter lying free within which was
a dark red mass 3 cm. in size. This mass proved to be
of dense fibrous tissue.

Case No. 105 (page 1194 is a further example of
thymic tumour. The x-ray picture shows an ill-defined
mass in the anterior mediastinum. Operation biopsy in
this case indicated that the tumour was a reticulum-cell
sarcoma of thymus. The tumour was treated with x-ray
therapy and decreased in size.  Thereafter the patient
lived in comparative good health for over four years,
at the end of which time she had a nephrectomy for a
similar condition of the kidney. Shortly after the
operation she died. At autopsy eXamination Professor
Lendrum found the disease had spread to the other
kidney, the suprarenal and the pancreas; there were
also tumour deposits in the cervical glands.

Case Nos.108 & 107 (page 1208, 1212) showed
enlargement of the thymus due to lymphadenoma which
responded to X-ray therapy. Case No. 106 (page 1206)
is still alive ten years later, although recurrences

in the cervical area still require treatment.
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In these affections of the thymus the L-ray
appearances show an opacity with an ill-defined
edge, an opacity which melts very rapidly with
X-ray therapy. In Case No.1l06 (pagel208) the
opacity disappeared in three months after treatment
and did not reappear. In dermoids and teratomata
X-ray therapy causes no alteration in size.

Case Nos.1l08 & 109 (pagel2l?7, 1228) are
typical examples of retrosternal extension of goitres
arising from normally placed thyroids. These are in
the superior mediastinum, and in their descent into
the thorax they pass from the anterior position
dowvnwards and backwards, two to the left of the trachea
and one to the right, a position which a dermoid or
teratoma rarely occupies. The tumour is seen on the
X-ray screen to move on swallowing.

Case No. 16 (page 485) prior to his admission to
the thoracic unit was diagnosed as an aneurysm of the
ascending aorta. lMany cases of aneurysm have a
calcified rim; by no means all are pulsatile. It
aneurysm is suspected a positive Wassermann reaction
may help to confirm the diagnosis although many cases

of aneurysm are of non-specific origin.
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Ireatment.

As all these tumours are potentially malignant
it 1s desirable that they should be excised soon
after they are diagnosed. If they are left and
even if they do not undergo malignant change, they
are still liable to cause grave effects by increasing
in size and if inflammatory changes obcur chronic
invalidism or death from infection or haemorrhage
may result.

The first operation on a dermoid was in 1871
when Polin drained one which presented in the neck;
the first successful removal was performed by
Bastionelli (Laipply, 1945).

When malignant change has occurred it is too
late to operate for there is no recorded instance
of permanent cure under these conditions (Fralick &
Welsman, 1951).

All 5 cases in my series were operated on through
the postero-lateral approach.  All the dermold cases
(Case Nos. 15, 16 and 17 page 477, 485, 493) survived
operation but one epidsrmoid, Case No. 13 (page 456)
the oldest patient and the largest tumour, died. He
was not very robust and probably died from surgical
shock. In only two cases (Case Nos. 15 and 17

page 477, 493) was 1t impossible to remove the entire



growth.  In Case Lio. 15 (page 477) the tumour was
densely adherent to the left subclavian vessels to
which a small portion was leftvattaohed; this was a
dermoid and contained a tooth, a mamilla and blonde
hair. In Case No. 17 (page493 ) part of the cyst
lay between the aorta and pulmonary artery and
required to be left where it was adherent to the
latter.

The operative treatment of choice woulq seen
to be complete or as nearly complete removal as
possible at the first operation. Laipply (1945)
found 55 cures in 76 cases so treated. It is a
tempting surgical step to drain or marsupialise
large cysts but this tends to lead to infection and
maekes subsequent operation much more hazardous.
Smith & Iills (1938) feel that drainage adds danger
to later operation and rarely benefits the patient.
Only one cyst (Case No. 17 page 493) was drained
and that was done in the belief that one was dealing
with a chronic abscess of some kind (as indeed was the
case) before the correct diagnosis was appreciated.

Laipply (1945) found the operative mortality to
be 18.%%. With antibiotics, better anaesthesia and

more certain surgery this figure should be much lower
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in any review dealing with cases in recent years,
to say nothing of early chance X-ray diagnosis in

the pre-symptom phase.
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Cystic Disease of the Lungs.

There is no more interesting simple lesion
involving the lungs nor one in which there has been so
much controversy regarding its etiology than congenital
cystic disease.  Although the condition was recognised
in the 17th century when three cases were reported on by
‘'homas Bartholinus in 1687 (quoted by Oughterson &
fuffel, 1936) it is not until the last 30 years that it
has come into such prominence mainly the result of the
advances in X-ray diagnosis and the confirmation
afforded by surgery. In the now voluminous literature
on the subject reference will be made to the papers
by Koontz (1925), Wood (1934, 1937 & 1944), Schenck
(1936 & 1937), Sellors (1938) and Willis & Alreyda
(1943).

In 1925 Koontz made an extensive study of the
literature and found rather fewer than 100 examples
of what he believed to be true congenital cysts of the
lung. Wood (1934) reported 16 cases at the Mayo
Clinic. By 1936 Schenck reported 252 cases in the
literature and added 4. In 1938 Sellors while
adding %2 cases of his own found that the total had
reached 400, and five years later Willis & Alreyda
(1943) added another 85 cases to the already rapidly

increasing number.
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Solitary Puluonary Cysts.

In my own series of cases there are six confirmed
and two probable but unconfirmed solitary pulmonary
cysts and one infected cyst.

Case No. 19 (page 509 ) a 5 year old girl had
had a pneumonic-like illness some months before
admission to the thoracic unit. X-ray revealed a
thin-walled cyst containing fluid in the left lower
chest (but after four months the cyst contained air).
At operation a cyst measuring 1l x 6.5 cm. practically
replaced the lower lobe. The cyst was removed along
with the lobe. When opened the cyst was found to be
crossed by several cord-like strands which micro-
scopically were seen to be covered with stratified
columnar epithelium. She made a good recovery.

Case No. 18 (page 502) a 40 year old housewife
with a three months history of tiredness stated that
at the onset of her illness she had a violent bout of
coughing during which she coughed up half a pint of
dark red fluid. ZX-ray showed a cyst with a fluid
level in the apex of the right lower lobe. Right
lower lobectomy was performed. The cyst was lined
by respiratory pseudo-stratified ciliated

epithelium. She made a good recovery;
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Case Ilo. 21 (page 524) a 29 year old housewife
had had several attacks of breathlessness for two
years and for five months she had had pain in the
| left chest. At operation a tumour 10 cm. in
diameter was found lying extrapleurally in front of
and to the left side of the heart. It had a narrow
pedicle of attachment to the aortic arch. The tumour
was removed. It consisted of one large and several
small cysts lined by columnar epithelium which in
places appeared to be clliated. It was diagnosed as
a’bronchogenic cyst. She made a good recovery and was
symptom free when dismissed from hospital.

Case No. 20 (page 518) a 24 year old merchant
seaman was found on‘mass radiography to have a mass
in the left upper chest. At operation a white lobulated
tumour 7 x 6.5 cm. in size was found and removed from
the mediastinal aspect of the left upper lobe. The
pedicle of the tumour was attached mainly to the
pulmonary srtery, to the upper lobe and to a lesser
extent to the aortic arch. On section the tumour was
found to be almost entirely cystic, the contained
fluid being greenish-yellow and of a musty odour.

The cyst was lined by cilieted columnar epithelium

and the solid areas contained cartilage and mucous
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glands. It was diagnosed as a bronchogenic cyst.
He made a good recovery.

Case No.22 (page 532) a 4 year old boy who had
always had frequent chest colds and breathlessness
was operated on for what was thought to be a
neurofibroma; instead a cyst was found in and removed
from the posterior mediastinum. The cyst contained
860 c.c. of brownish-black fluid; it was attached to
the oesophagus just below the azygos vein. The cyst
lining was deficient but in places ciliated columnar
epithelium was found. It was diagnosed as a
bronchogenic cyst. He was dismissed well.

Case No. 25 (page 539) a 40 year old typist
gave a five year history of vague indigestion and
discomfort in the right lower chest; for one year
she suffered from nausea and at times food was
regurgitated. She had no difficulty with swallowing.
Barium swallow showed a smooth filling defect in the
oesophagus just below the level of the bifurcation of
the trachea. The condition was dlagnosed as a simple
tumour of the oesophagus, at operation, however, a cyst
5 X 4 cm. was found attached to the right main bronchus
and completely frce from the oesophagus. It was

removed; during removal 1t burst and yellow creamy
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fluid escaped. the cyst was lined by ciliated
columnar eplthelium and was diagnosed as a bronchogenic
cyst. she made o satisfactory recovery, but was
admitted six months laver to the medical wards for six
weeks and diagnosed as a case of neurosis.

Case No. 24 (page 546 ) For three years a poorly
nourished girl of 4% had had attacks of respiratory
embarrassment including stertorous respiration. On
several occasions considerable amounts of fluid had
been aspirated from her chest, the fluid was sometimes
clear and sometimes haemorrhagic. Z-ray showed a large
spherical swelling occupying the greater part of the
left chest; it also extended into the right hemithorax
and had pushed the heart and trachea into the right
chest. The cyst was aspirated and 1800 c.c. of straw
coloured fluild was removed. This allowed the mediastinum
to return to its normal position and the left lower lobe
to re-expand. Because of her poor condition and because
she had chorea and pericarditis she was transferred to
the medical wards without operation.

Case No. 25 (page 549 ) Unfortunately neither
clinicgl history nor an account of any operation of
this young boy is available but his X-ray appearances

are reasonably typical of a bronchogenic cyst.
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Lable No. I.

solitary rulumonary Cysts.

Diagnosis not sxclsion ar Satisfactory
confirmed confirmed lobectonmy result
No. of
cases 6 2 6 §

Infected Solitary cyst.

Case No. 26 (page 559 A 43 year old man was X-rayed
one year prior to admission. A shadow was seen in the
left mid-zone and was diagnosed as a simple tumour.
3ix weeks before admission his cough became more severe
and he expectorated much putrid sputum. X-ray
examination on admission revealed a large cavity with
a fluid level in the left lower lobe. In all
probability this was a case of lung cyst which ruptured,
the contents being partly coughed up and the cyst
becoming infected. 4 catheter was inserﬁed into the
cyst and 200 c.c. of sterile purulent fluid were
evacuated. He died suddenly two months later.

Multiple Cysts of Lung
(Congenital cystic bronchiectasis).

During the time of collection of this series of
cases there were too many of this tyoe to justify
citation in extenso. Three of them have been selected

to represent this group, which numbered over 40.
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Case llo. 28 (pageb63 ) a schoolboy, aged 10,

had had trouble with his chest since he had pneumonia
at the age of three months. IHe was subject to winter
colds and bronchitis; he suffered from breathlessness.
He was intelligent but very much underweight. X-ray
revealed deviation of the mediastinum to the right and
many grape-sized cystic spaces in the right lung. At
operation the right lung when inflated by the anaesthetist
resembled a bunch of grapes. The lung after removal
and when sectioned showed a series of cystic spaces and
no normal lung tissue. The spaces were lined by
ciliated columnar epithelium. He made a satisfactory
recovery.

Case No. 29 (page 567 ) a 20 year old shop assistant
had had trouble with her chest since she had measles
and whooping cough at the age of 2. Three months before
admission to hospital she had a haemoptysis. Her
physique and nutrition were poor.  X-ray showed cystic
disease in the apical and pectoral segments of the left
upper lobe. Lobectomy was carried out. Histological
examination revealed the alveoli to be lined by cubical
epithelial cells. This case may be one of acquired
rather than congenital bronchiectasis. Her subsequent

progress was excellent.
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Case No. 27 (page 557) a 19 year old shop
assistant had "congestion" of her lungs at the age of
2, subsequently she was breathless on sxertion and had
frequent chest colds. X-ray showed displacement of
the mediastinum to the right and widespread cystic
disease of the right lung. At operation the lung
was found to be completely replaced by a cluster of
grape-like cysts (Fig. 8% page 562). She made a

good recovery.

Bronchiolectasis.

There is one case of bronchiolectasis whiech
occurred in a man of 43 and which is referred to in

detail in the text.

Emphysematous Bullae.

Several cases occurred in this group and three of
these have been chosen to illustrate this condition.

Case No. 33 (page B0l ) a 14 year old schoolboy had
enjoyed good health until the age of 13 When he noticed
that following exertion he was having giddy attacks and
blurring of vision. He had no cough or spit and no
breathlessness. IHe had occasional pain in the left
chest on exertion. X-ray reVealed emphysematous bullae

in the left lower lobe. At operation the lower edge of
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the lower lobe presented an unusual appearance.

From the whole of its lower surface there hung down

a series of bullae the size of very large grapes.
‘hen some of these bullae were opened they were found
not to be true cysts but areas of very rudimentary
lung - air spaces traversed by strands of lung and
fibrous tissue. The lobe was removed. His
recovery was satisfactory.

Case No. 82 (page 593 ) a post office van driver,
aged 46, had been breathless on exertion for four years
and breathless at rest for two years. IHe had a cough
with a moderate amount of sputum occasionally streaked
with blood. His previous illness included congestion
of the lungs, pneumonia and a spontaneous pneumothorax
which had occurred respectively 20, 8 and $ years
previously. ihen admitted his aéoessory respiratory
muscles were required even at rest in bed. There was
little respiratory movement of his barrel-shaped chest.
X-ray showed gilant bullous cysts of the right lower and
middle 1obes.‘ During the anaesthetic induction with
pentothal breathing ceased and required to be malntained
by controlled anaesthetic respiration throughout the
operation. As soon as the chest was opened a distended

i

air filled cyst presented in the wound. ne cyst was

opened and dissected out. Two other smaller cysts
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were found and removed. He never recovered completely
from the operation and died sixteen hours later.

Case No. 31l (page 586 ) an inspector of transport,
aged 51, had sustained a gunshot wound of his chest
at the age of 19. oince that injury he had suffered
from breathlessness which had progressively increased
in severity and during the past ten years had been
disabling. He was living on continuous oxygen by the
time he was admitted to the thoracic unit. His chest
was hyper-resonant and practically immobile on
respiratory excursion. X-ray of his chest was
reported as showing a complete right pneumothorax and
a partial left pneumothorax (Fig. 93 page 590 ).
Phrenic nerve crush operations were carried out at a
two day interval with slight improvement. A catheter
was subsequently inserted into the huge bullous cyst
in the right chest but the patient died a week later.
At post mortem the right chest was found to be filled
by one very large bulla while the left side of the chest
contained four bullae, the largest of which was 18 cm.

in diameter (Fig. 94 page591).

Classification of Pulmonary Cysts.

In view of the uncertainty of origin of pulmonary

cysts it is not surprising that their classification is
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equally confused.  lany classifications have been
proposed (Schenck, 1937; Wood, 1957; Willis & Alreyda,
1943). I have based my system of classification on
that of Sellors (1939) who divided his cases into the
following groups.

1. Solitary cysts. these are almost invariably of
large size -

(a) Huge balloon or distension cysts - usually
found in infants.

(b) Smaller cysts - about the size of an orange.

2. Multiple cysts. These are of variable size -
(a) Medium sized in groups of 2 or 3.

(b) Small cysts which may be

(1) following a set distribution,
e.g. lobar

(ii) diffuse or scattered cysts of
inconstant size.

In the etiology of lung cysts two maln types are
recogﬁised, viz. congenital and acquired.

Congenital Cysts. Illany theories have been propounded

as to the origin of congenital cysts of the lungs.
Proof of the congenital origin is furnished by Smith
(1925) who found in a newborn baby bilateral cysts
varying in size from a pinhead to a pea. Rigler (1943)
reported cysts in one lung in a child X-rayed because

of dyspnoea on the day it was born.
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Schenck (1956) belisved that congenital cysts
result from a simple arrest in development at a period
‘of advanced lung development. He accounted for the
variation of tissue in the wall of different cysts by
the stage of intra-uterine lung development at which
the agenesisﬁoccurred. He believed that the defect
of development had occurred at the time of bronchial
divisions and growth in those cysts which contained
unstriped muscle, elastic and fibrous tissue and on
occasions cartilage. That the lining might be ciliated
columnar, cuboidal or flattened epithelium could be
explained by such factors as ballooning of the cyst
the result of increasing tension within it. In the
same way different hisfological features would be seen
if the cyst were the result of a fault in development
of the atria, infundibula or alveoli.

Others (quoted by Schenck, 1936) stated that the
cysts were in the nature of tumours; that they
resulted from inflammation in the foetal lung with
consequent bronchial stenosis and distal dilatation;
that they were the result of dilatation of the lymphatics;
that they were the result of congenital syphilis.'

Sellors (1959) was impressed by the similarity

between cyst formation in humen lungs and smphibian or
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reptilien lungs. Ile felt cyst formation might be in
the nature of an atavistic deformity or the reversion
to a more primitive lung, that the swim-bladder of the
fish was perhaps the ancestor phylogenetic prototype
of the single lung cyst while the more specialised
resplratory apparatus of amphibila represented the more
complicated forms such as the multiple cysts. In
support of his views Sellors pointed out that cystic
changes were found in a high proportion of accessory
or abnormal lobes some of which had shown evidence of
a throw-back in evolution. IHe also found that many
had other congenital defects; in his total of 32
patients there were 9 congenital deformities of the
heart and several instances of cystic kidneys and
polycystic livers.

Koontz (1925) had previously drawn attention to
the number of such patients who had congenital heart
defects. He had noted the presence of atelectasis in
many cases of cystic disease of the lungs and he felt
that congenital heart lesions, in particular patent
foramen ovale and patent ductus, led to an imperfect
pulmonary circulation which in turn contributed

directly to the non-expansion of areas of the lungs.
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Acquired Cysts. the origin of acqguired lung cysts

also 1s enshrouded in uncertainty; some doubt their
existence others accept them but disagree as to their
mode of origin.  Wood (1987) believes that the cysts
are not acquired if they do not contain pigment and
conversely that a cyst is not congenital if it does.
Oughterson & 'Wuffel (1936) rightly point out that this
is not strictly true and that the amount of pigment
deposit depends on the amount of air circulating through
the cyst, the tendency to deposition on the cyst wall
and its capacity for removal, e.g. by ciliary action.

Willis & Alreyda (1943) believe cysts can develop
as a result of acute or chronic inflammation in the
broncho-alveolar tree and they quote, among others,
Fuscher-Wassels, nohmary & liaccone in support of this
view. Lhey believe that a progressive state of fibrosis
in chronic interstitial pneumonitis induces sufficlent
contraction to make alveolar emphysema assume cystic
proportions, and that in lobular pneumonia the
development of cystic bronchiectasis may be caused by
bronchial inflammation plus these alveolar changes,
diminishing resistance of the remaining alveoll to
distension.

Cystic Bronchiectaslis. Maier (1941) believes that
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cystic bronchiectasis should be classified as a form

of bronchiectasis rather than as a form of lung cyst;
further it is now generally recognised that the wall of
a lung abscess may become epithelialised and so give
rise to another type of cyst, the origin of which in an
abscess may not be appreciated unless a series of X-ray
films of the case are available for study.

No discussion on the development of cystic disease
of the lungs would be complete without consideration of
giant emphysematous bullae. Allison (1947) states that
these large bullae result either from stenosis of a small
bronchus or bronchiole with over distension of the lobule
of the lung supplied by that small bronchus or bronchiole
or else by ulceration of a bronchus with the greater
escape of alr on inspiration into the interstitial
tissues of the lung than 1s able to regain the bronchus
or bronchiole on expiration. Maier (1941) believes
theksmaller bullae - the so-called emphysematous bullae -
result from fragmentation of the elastic tissue which
allows rupture of the interalveolar septa to take place.
This occurs as a rule throughout the lung but tends to be
more localised round the lung edge and if confined to
one area a bulla results. Because of 1its mode of
development it has a poor though often multiple

communication with the bronchigl tree.
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Patholquﬂand Clinical Features
of sSolitary Cysts.

In this condition 1t seems desirable to consider
the pathology and clinical features at the same time

because of their close relationship and inter-dependence.

Sex and Age Incildence.

The sex incldence has varied somewhat from one
series of cases to another. In this series there were
5 females and 4 males. Wood (1957) in a series of 232
cases, found males three times more commonly affected
than females.  Schenck (19368) found 107 males as
against 88 females, while Sellors (19%9) in his series
of 32, found the sexes practically equal.

In regard to the age at which onset of symptoms
‘occurs this will vary with the type of cyst and its
size. liany patients with small solitary cysts have
no symptoms referable to thewn, whereas a large balloon
cyst may show its presence at birth. The youngest case
in my series was aged 4 and the oldest was 43.

Schenck (1936) found 27 cysts manifest themselves at
birth, 79 under 5 years of age, and 118 over 15 years
of age.

Solitary cysts. as a rule if the solitary cyst is of

the large balloon variety it will manifest itself in



the newborn or the young child.  After birth it
undergoes rapid and colossal distension - which not only
causes collapse of the lung but displaces the heart and
trachea to the opposite slde and in consequence gives
rise to progreésive respiratory and circulatory distress.
Sellors (1989) has noted the tension within the cyst to
be so marked as to cause bulging of the affected side of
the chest. He explains the cause of the distension by
the fact that the cyst is in communication with a bronchus;
with the first few breaths of life the lungs expand and
the opening of the bronchus into the cyst becomes kinked
or compressed with the result that alr enters the cyst
but cannot escape because the opening closes during
expiration. This event occurring in its acute form

in the first few days or weeks of life will give the
clinical picture of a tension pneumothorax with hyper-
resonance, absent breath sounds accompanied by marked
mediastinal "shift" and acute respiratory distress which
if not relieved may kill the child. Many instances of
this type of case are recorded in the literature and
some of these were mistakenly diagnosed as cases of
tension pneumothorax. 5 of 48 cases reported by

Wood (1937) at the Mayo Clinic were diagnosed as such.

A useful distinguishing feature between them is the
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depression of the affected cusp of the diaphragm
consequent on the downward pressure of the cyst;
further as Kirklin (1938) points out the cyst wall
in contact with the lung shows a regular curved line
whereas in pneumothorax the transradiant region is
bordered by the dense shadow of compressed lung.

The course of these large cysts may be less
dramatic and give rise to more intermittent symptoms
presumably because the comuunication with the bronchus
allows only a certain amount of tension to develop,
and when this is reached the bronchial opening again
closes. - The child suffers from recurring attacks of
cyanosis and dyspnoea, which features suggest recurring
attacks of spontaneous pneumothorax.

The solitary cyst which does not undergo marked
distension may cause no trouble for & long time, until,
in fact, some accident to the cyst occurs such as
infection, rupture into a bronchus or pleura, or until
it is found by chance on routine fluroscopy.

X-ray examination will usually reveal the cyst to
have a thin wall and will show it to be lying near the
periphery of the lung. Such a cyst is usually circular
though it may be oval or loculated. The fluid in the

cyst may be thin and watery or gelatinous. such a
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cyst may empty 1tself by rupturing into a bronchus
or into the pleura (Case No. 18 page 502). A
fluid level will then be seen in the cyst and this
will give rise to uncertainty in the diagnosis between
lung cyst and lung abscess. Indeed rupture into the
bronchus may and often does lead to infection within
the cyst and brings a previously silent cyst to notice.
In many such cases the cofrect diagnosis will be made
only when tissue 1is avallable for histological
gxamination. Cyst infection may also occur from
pneumonia or other adjacent infection in the lung
(Schenck, 1936). ‘he accident of the cyst rupturing
into the pleura when there 1s a valve-like communication
with the bronchus may cause a tension pneumothorax to
develop. In point of fact, this is precisely the manner
in which many of these cases primarily present.  There
are good grounds for the belief (Tyson, 1943) that a
number of cases of tension pneumothorax are erroneously
diagnosed as merely such when in fact they have an
underlying lung cyst which is not discovered.

If the cyst is air-filled its lining will be
smooth and shining and on X-ray examination numerous
bands of delicate structure may be seen to traverse

the cyst in wide sweeping curves. [HHistologically these
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bends are usually composed of delicate fibrous tissue.
In Case No. 19 (page 509 ) some of the bands traversed
the entire cyst while others only ran a short distance
from one wall to the other and gave the impression of
chordae tendineae. It is curious that while no
epithelial lining of the cyst could be found the strands
of tissue traversing the cyst were covered by columnar
epithelium several layers thick, in addition many small
epithelial lined cysts were present within the larger
strands (Fig. 59 page 514).

Lung cysts vary considerably in histological
structure. IT one accepts the view of development
expounded by Sohenck (1936) and others that the nature
of the cyst depends on the stage of intra-uterine life
at which the developmental error or foetal inclusion
occurs then the elements found, viz. bronchi, bronchioles,
atria or alveoli will give the clue to the appropriate
type of cyst. Thus Sellors (1959) has noted in cysts
developed from bronchi several layers of epithelilal
cells with cilia on the surface and goblet cells in the
depths. “The communication with bronchus may be
difficult to find and he stresses the importance of
the examination of serial sections. Plagues of

cartilage will be found in most of these specimens
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(Case No. 20 page 516 ). In cysts developed from
bronchi £ mm. or less in size, he usually found the
epithelium to be reduced to one layer in thickness
and cuboidal or flattened and cilia free. Cartilage
and mucous glands were usually absent, as were muscle
fibres though in the cysts developed from the larger
bronchi the latter sometimes presented as tumour-like
masses. Carbon pigment is usually absent.

A cyst resembling those developed from the larger
bronchi is exemplified in Case No. 18 (page 502), a
woman of 40 who after a right sided empyema at the age
of 12 had been well until three months prior to
admission when she coughed up half a pint of dark red
fluid derived from rupture of the cyst into a bronchus
with evacuation of its contents. In view of the
structure of the cyst as determined by microscopic
examination it would seem questionable whether the
illness at the age of 12 yrs. was a true empyema
following pneumonia; subsequent events suggest that
it may have been a congenital cyst which becane
infected but was temporarily relieved by aspiration
drainage. The clinical course subsequent to the
rupture of the cyst followed the usual pattern of

superadded infection exemplified by the expectoration
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daily of several ounces of purulent sputum tinged
with blood. On admission to the thoracic unit X-ray
examination showed a large cavity with a fluld level
in the apical segment of the right lower lobe (Fig.54
page 506) which showed patchy consolidation. ‘he
lesion was diagnosed as a lung abscess and was removed
by lobectomy; it was 7 x 5 cm. in size and had a
smooth shiny lining which at one area showed punctate
haemorrhages. Histological examination revealed a
lining of pseudo-stratified respiratory epithelium
which in places possessed cilia. There were areas
of ulceration. Numerous gland-like diverticula were
found but no cartilage. The surrounding lung tissue

showed fibrosis and chronic inflammatory changes.
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Differential Diagnosis of Solitary Cysts.

These cysts usually present as a clinical entity
when some complication develops on top of the previously
silent cyst and very frequently the differential
diagnosis will include exclusion of these complicating
lesions. Thus a large balloon cyst may be mistaken
for a tension pneumothorax, while a tension pneumothorax
nay resemble a lung cyst. There may still be some lung
tissue seen on XL-ray examination in the hemithorax of
a tension pneumothorax.

The smaller solitary air filled cysts will require
to be differentiated from thin walled tuberculous
cavities; 1in these examination of the sputum may be
conclusive, 1f not, the absence of surrounding
tuberculous infiltration will indicate the true state
of affairs. The draining and therefore more or less
empty pulmonary abscess 1s usually thick walled and
surrounded by pneumonic changes, although differentiation
of the more chronic abscess may be achieved only on
histological grounds. Diaphragmatic hernia will be
excluded by barium investigations. Case No. 110
(page 1229 was a typical example of the latter,
numerous cystic spaces were seen in the left lower

lobe and were thought to be cysts or tuberculous
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cavities until a barium meal showed them to be stomach
and loops of small bowel.

Differentiation of emphysematous bullae may be
more difficult but correct diagnosis is of little
consequence in view of the fact that if they are of
any size the treatment will be similar to the treatment
of the cyst, namely excision of the bulla or related
lobe and bulla.

The fluid-filled cyst requires to be distinguished
from lung abscess. In the latter there may be a history
of an upper respiratory tract operation such as
tonsillectomy or tooth extraction under general
anaesthesia. According to Clagett (1944) such is the
mode of onset in 56% of cases of lung abscess. If
these operations are performed under general anaesthesia
without the pharynx being packed off infected particles
of tonsil, gum or blood may be aspirated into the trachea
and cause blockage of a bronchus with distal collapse
and subsequent abscess formation. If the patient is
lying on his side during the operation the first
bronchial opening for such material to enter will be
the axillary and posterior segments of the upper lobe.
Brock (1946) drew attention to this fact and pointed
out that 54% of abscesses occurred in the upper lobes;

4% in the right and 145 in the left. He found that
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of the remaining abscesses (24%) occurred in the right
lower lobe and concluded that this was accounted for
by the more vertical course this bronchus takes in
both the upright and the supilne positions. 4 lung
abscess will give a much more acute history with rapid
deterioration in health, swinging fever and chest pain.
Once the abscess bursts into a bronchus there will be
much foetid sputum. X-ray examination will probably
show surrounding pulmonary infection though this does
not always occur (Case No. 111 page 1233). Once the
abscess is partially evacuated a fluid level will be
seen within it. As has already been emphasised final
diagnosis of this type of case may be made only on
histological grounds. As a general rule pulmonary
abscess runs a rapid course of atelectasis, followed
by breakdown and pus formation culminating in
intrabronchial rupture with partial or complete
evacuation. Other conditions leading to abscess
formation are a breaking down pneumonia (Case No. 112
page 1285) and proximal tumour causing bronchial
obstruction.

Obviously it will be exceedingly difficult and at
times quite impossible to separate lung cyst and lung

abscess when the former has been silent and has recently
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become iniected, then follows a course similar to

that of acute lung abscess with intrabronchial rupture
and a residual infected intrapulumonary space. If a
series of X-rays are available for study the key to the
true diagnosis may be found, otherwise absence of lung
infection surrounding the cyst lesion may be the only
distinguishing feature.

Encysted effusion or empyema may cause difficulty
in diagnosis. As a rule these are posteriorly placed
near to or in the paravertebral gutter and are usually
low in the chest. An encysted effusion in the upper
extremity of the oblique fissure is likely to cause
difficulty in diagnosis, usually it is neither clear
cut nor circular in outline, being rather more oval
or even triangular in shape.

Hydatid cysts may have a ralsed eosinophil count
and a positive complement fixation or Casoni test.

Such cysts are usually situated in the right lower lobe.

Dermoid cysts are usually solid and invariably
situated in the anterior mediastinum.

Adenoma may appear as a smoothly rounded spherical
tumour causing distal lobar or segmental collapse.

They give a history of recurring haemoptysis frequently
over a period of years but can be excluded by

bronchoscopic examination.
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Carcinoma is less likely to cause confusion
in diagnosis and as a rule will be seen on
bronchoscopic examination; 1t is unlikely to be

spherical unless it is a tumour of peripheral type.



The Treatment of Solitary Cysts.

The correct method of treatment of a solitary
cyst which is causing symptoms is resection of the
cyst. Sellors (1839) maintains that this resection
should include adjacent lung tissue. He believes that
the reason for the high rate of recurrence in those
cysts Which are only enucleated results from the fact
that there is no capsule to the cysts and presumably
some lining is always left behind. The more extensive
cysts will require lobectomy or even pneumonectomy
(Case Nos. 18 & 19 page 502, 509 ).  Sellors (1939)
advocates leaving the asymptomatic cases alone but
under careful review and treating them when infective
symptoms develop.

If a patient with an already infected cyst reports
initially in a toxic condition he may derive benefit
from and obtain considerable clinical improvement
following bronchoscoplc aspiration of the cyst contents.

The huge balloon or tension cysts may present as
an acute surgical emergency requiring immediate relief
of tension by means of needle or catheter drainage.
While this may be required to save the patient's life
it is not without danger as leakage of air into the

pleura from the puncture opening in the cyst wall may
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cause a tension pneumothorax (Schenck 1937).

Subsequent excision of such a cyst will be required,
preferably when the child is some weeks older. Gross
(1946) has successfully removed a lung, the seat of a
large tension cyst, in a child only three weeks old.
Other methods of treatment are virtually useless, e.g.
drainage, application of chemical irritants or attempted
collapse by artificial pneumothorax, which may in fact
cause enlargement and infection of the cyst (Rigler,

1943; Gale et al,1937).
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Pathology and Clinical Features
of lultiple Cysts.

Schenck (19%6) found multiple air filled non-
expansile cysts of lung to be three times more common
in adults than in children whereas all other types
were much more common in children.

Multiple cysts may be of moderate or small size;
they may involve an entire lung and on occasions in
addition to extensive involvement of one lung there may
be some involvement of the other. The process may,
however, be confined to one lobe and has often been
found in the right middle lobe. ¥hen the affected
lung is sectioned the cysts, depending on their size,
will resemble a bath sponge, honeycomb or a bunch of
grapes. Case No. 27 (page 557 ) is an example of the
latter; +the right lung in this girl of 19 looked like
a bunch of grapes, this was particularly noteworthy
during the operation of pneumonectomy when the lung
had been freed from the chest wall. In this case
as in all the others observed in Hairmyres thoracic
unit, but not recorded here in detail, the lung is
shrunken and much reduced from normal size. The
cysts themselves vary in size, shape and in their
contents; their walls are smooth and shiny and

their contents may be air, serous fluid, pus or
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even blood. The spaces, which may be infected, are
lined by cubical or columnar epithelium of respiratory
type which may or may not be ciliated.

According to Sellors (1958) such cases may have
no signs or symptoms until this clinical silence is
broken by some comparatively small event such as
shortness of breath, unexplained cough or haemoptysis.
While agreeing with Sellors (1938) that these cases
usually present at school age or early adult life it
has not been my experience that they have had an
uneventful respiratory life. In my cases the lung
condition has usually shown itself, but not been
recognised, in early childhood. Case No. 27
(page 557) gives a history which is illustrative of
many. At the age of 2 she had '"congestion of the
lungs" and during her schooling she was off repeatedly
for short spells with attacks of chest illness. She
had been breathless on exertion for as long as she
could remember; she had been aware of a cough and
spit for many years but never haemoptysis.

These patients may present in a somewhat under
nourished state, with slightly stunted growth and
perhaps clubbing of the fingers (Case Nos. 28 & 29
page 563, 567). If the cysts have become infected
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there will be all the clinical features of true
cystic bronchiectasis with respiratory accompaniments
of wide range.

X-ray appearances of the cystic lung are
characteristic in that they show the "honeycomb"
lung appearance with retraction of the mediastinum to
the diseased side. Retraction may be so marked that
when the right lung is involved the heart shadow may
be entirely in the right chest due presumably to
compensatory emphysema of the healthy lung (Case No.
28, page 565 ).

When the diseased area 1s localised to a lobe or
segment of a lobe and when the cysts are of uniform
size, overlap of the edge of one cyst in the centre
of the next may give the anpearance described by
Sellors (1939) as '"links of a chain'(Case No. 29
page 567 ).  Instillation of lipiodol outlines these
cystic spaces in the form of "puddles'. It is
undesirable to use the quite large quantity of lipiodol
that would be required to fill these cysts and in any
event it would be quite unnecessary because the
appearance of "puddles" is sufficlently characteristic.

As stated above - owing to frequent symptoms from

early 1life - it 1s particularly difficult to
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distinguish this type of medium or small multiple
cyst from acquired bronchiectasis. In the congenital
variety the condition may have been completely silent
or it may have given rise to symptoms from birth.
In bronchiectasis on the other hand the illness will
usually have a definite time of onset frequently
heralded by an attack of measles or whooping cough
with a subsequent history of recurring chest infections
with persistent cough and sputum, foetor, breathlessness
and clubbing of the fingers. Case lo. 29 (page 567 )
illustrates this type of caSe; a girl of 20, who at
the age of 2 had measles and whooping cough, following
which she was seven and a half months in hospital. At
this time she suffered from much respiratory illness
and had attended a special school. Ever since the
initial fevers she had had a cough and wheezy chest.
As usual in these cases she had poor nutrition and
stunted physique; curiously enough her fingers were
not clubbed. Her general condition greatly improved
and she put on weight subsequent to left upper lobectomy
of a lobe completely replaced by cystic bronchiectasis
(Fig. 86 page 572).

A study of the morbid anatomy can be particularly

helpful in distinguishing the congenital from the
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acquired type. hkeference to Fig. ho. 83 (pays 562 )
showing the specimen removed from the congenital

Case No. 27 (page 557 ) reveals a lung replaced by
cystic spaces, many of the spaces being lined by a
wall only a few millimetres thick. These features

are in sharp contrast to those found in Fig. No. 86
(page 579 which shows the specimen removed from the
case of acquired bronchiectasis (Case No. 29 page 567 ).
In it the striking feature is the enlargement,
distortion and thickening of the bronchial elements
rather than distortion of the lung parenchyma as occurs
in Fig. No. 83 (page 562 ).

Further contrasting features'between'congenital
and acquired lesions of this type suggested by Sellors
(1939) are:-

(a) the smooth lining and empty appearance
(unless infectedy in contrast to the rough,
dirty lining which is often ulcerated and
filled with pus.

(b) the ﬁredilection for parts of the lung not
usually affected by acquired lesions, such
as the subpleural areas, middle lobes and
the gpices instead of a more uniform
distribution over one or more lobes, usually
the lower lobes.

(c) no obvious relationship to the axis and
direction of the air tubes whereas the

acquired lesions 1lie along the line of
the normal bronchial anatomy.
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(d) cysts being visible in spherical
form whereas the dilatations start
in a fusiform manner and tend to
extend down the bronchus.

Microscopical appearances in the congenital
lesion show a regular columnar epithelium unaltered
by milder infections in contrast with the acquired
lesion in which the columnar eplthelium shows
inflammatory changes with ulceration, squamous
metaplasia and the formation of granulation tissue.
In the cyst the straight lumen of the bronchial tube
can be seen in one microscopic field; 1in bronchiectasis

the air tubes being tortuous as well as dilated are not

seen over any length in any one microscopic field.
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Ireatment of lultiple, Medium & Small Cysts.

If the multiple cysts are giving rise to symptoms
of breathlessness, cough or haemoptysis, or if they
become infected, as a general rule removal of the area
of lung involved will be called for provided the lesion
is sufficiently localised, 1.e. involving only one lung.
In many cases of honeycomb lung there is no functioning
alveolar tissue remaining and if the other lung is
healthy extirpation of the affected lung can be looked
on to provide a very pleasing luprovement in health
(Case No, 27 page 557 ). If the cysts have become
infected careful pre—operafive treatment will be
essential. Correct anatomical positioning to obtain
maximum benefit from postural dralnage is necessary to
achieve this; active assistance from a physiotherapist
to loosen the infected sputum by percussion and to obtain
its expectoration by encouragement in coughing; short
wave diathermy can be a most helpful a21d in loosening
the sputunm. The physiotherapist will also train the
patient to breathe and to cough correctly by proper use
of the respiratory muscles; 1t is nof sufficiently
appreciated that excellent muscular development may not
be accompanied by the capacity to do elther

satisfactorily without training.
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A course of estopen penicillin injections will be
beneficial. Drainage of infected cystic spaces may
be assisted by bronchoscoplc suction.

When the cystic disease is widespread in both
lungs, or when there is involvement of more than one
lobe of each lung, it will be generally agreed that
surgery can have no place in treatment. If infection
develops in this type of case it will require to be
treated as a case of bilateral bronchiectasis (vide
supra). The sinuses should be investigated to
exclude them as a source of infection but if it is
present treatment should be instituted, usually

puncture and lavage.



93

Bronchiclectasis.

This condition is rare and only one case of 1ts
kind has been seen in this unit over a period of years.
Case No. 30 (page 573), a man of 43 years of age, who
had seemingly been in good health until eighteen months
prior to admission to hospital, noticed that he was unduly
breathless on climbing a steep hill; this became
progressively worse until he was admitted to the thoracic
unit breathless at all times unless when sitting on a
chair or when in bed. He had developed a cough and
frothy mucoid sputum.  ‘there had been no loss of
weight. One brother died of pulmonary tuberculosis.

On examination he was well nourished but slightly
cyanosed and breathless. He had clubbing of his
fingers. The chest moved equally. ‘The percussion
note on the right side was slightly diminished. The
breath sounds showed prolonged explration except at
the right base where they were broncho-vesicular.

Fine crepitations were heard in both lungs.

X-ray examination of his chest showed the presence
of multiple small nodules in the right lower lung field
and in the left mid-zone near the hilum (Figs. 87 & 91
page 581, .584),

He was allowed home for a period of 19 days at
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Christmas time when he was re-admitted after having
caught a chill four days previously. He was then very
breathless and markedly cyanosed. Dullness at the right
base was noticed; at this area the breath sounds were
tubular and accompanied by coarse crepitations. His
distress was so marked that he was put on to continuous
oxygen. A growth of fungus - candida albicans - was
found in his sputum and he was given intensive iodine
therapy without benefit. It is interesting to note
that his E.S.R. was 4 mnm.

A recurrsnt nerve palsy for three months prior to
admission confirmed by direct laryngoscopy increased
the difficulty in diagnosis.

His general condition slowly but inexorably
deteriorated. Serial X-rays showed progressive
increase in the number of small opaclties seen in the
lung fields until at the time of his death (after six
months in hospital) both lungs showed diffuse mottling
which at the bases amounted to consolidation (Fig. 88
page 581). His cyanosis and breathlessness became
progressively worse and for the last three and a half
months of his 1life he lived day and night on continuous
oxygen therapy. If the oxygen was stopped he became |

rapidly cyanosed and equally rapidly regained his
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colour when the oxygen was restarted.

Many end varied diagnostic suggestions were made
but none came anywhere near the correct pathological
findings of bronchiolectasis. TWhen first admitted
his breathlessness and cyanosis in association with
his X-ray appearances suggested a dust inhglation
disease and this diagnosis certainly gained ground
as the opacities increased with the lapse of time.
There was no history of exposure to dust inhalation
and in any event the opacities seemed to be too large
and in some ways too discrete. At this time the
fungus was found in his sputum and it was thought that
the whole condition would clear with iodine therapy
but the progress was in no way checked. By the time
both Iungs were dotted with diffuse opacities and the
appearance of "snow storm" lung had developed the
diagnosis of tuberculosis was considered but no
tubercle bacilli were found in the sputum and the
E.S.R. was within normal limits. lany other conditions
were suggested including Hodgkin's disease and
reticulosis; pulmonary adenomatosis would also have
been considered had one at that time had experience
of such a condition.

Cancer was frequently suggested and this
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diagnosis was strengthened by the recurrent laryngeal
nerve palsy; certainly metastatic cancer seemed a
very likely possibility from either a primary cancer
elsewhere in the body or from a primary in the lung
or mediastinum with retrograde lymphatic spread into
the lungs. It was with this diagnosis that he died.

At autopsy both lungs were found to be relatively
free of adhesions. Their appearance was practically
identical. Both were firm and had surface emphysematous
bullae. On section they were dark red, fleshy in
texture and honeycombed by multiple cysts (Figs. 89
& 90 page 582, 883). Very few of these cysts were
larger than %" in diameter and the vast majority were
pin head size or smaller. They were lined by
epithelium which varied from ciliated columnar to
cubical or flattened epithelium, in many the lining
was deficient or lost. Between the cysts there was
abundant fibrous tissue of long standing. Infiltration
by lymphocytes was well marked but there was no evidence
of pus formation. There was little or no normal lung
tissue left. Dr. Halcrow, who performed the post-
mortem, diagnosed the condition as chronic bronchiolitis
cystica. Professors Cappell and Lendrum concluded

from examination of the specimen and from histological
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sections that 1t was a case of bronchiolectasis and
that the appearances indicated that the condition had
been present for "at least a considerable number of
years".

lhere seems no doubt that one could argue that
this condition was congenital in origin and that it
only began to meke itself felt once mild infection had
occurred. That the infection was mild is borne out by
the round celled infiltration. ‘Ihis chronic infection
in turn gave rise to the gradual disposition around the
cyst walls of fibrous tissue with, in consequence the
progressive exclusion and replacement of the remaining
healthy lung parenchyma thus increasing the dyspnoea and
cyanosis from gradual reduction of avallable "breathing"
tissue. As has been stated the fibrosis had been present
for "at least a considerable number of years". Could it
not be that over the years slowly but surely more and more
fibrosis developed until at the commencement of his
illness a mild infection occurred (as evidenced by
cough and frothy mucoid sputum) at a time when the
balance between adequate and inadequate oxygenation
was very finely adjusted? This infection was just
sufficient to tip the balance on the side of

breathlessness and cyanosis; eguilibrium once lost
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could never be regained without the artificial aid
of oxygen administration; a balance which was finally
weighted in the wrong direction by a further chill.
Against the argument that this could be an example
of acquired bronchiectasis involving the bronchioles
is the widespread distribution of the condition
involving both lungs equally and diffusely and the
absence of any predisposing factor to account for the
development of bronchiectasis.  When examining many
specimens of lung removed at operation for bronchiectasis
I have never seen anything even remotely resembling this
condition of tiny cysts so widespread as to involve both

lungs diffusely and without favour to one or other.
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Pathology and Clinical TFegtures
of Emphysematous Bullous Cysts.

The subject of emphysematous bullae was brought
up to date by Allison in 1947. He concluded that
they were an expression of underlying lung disease,
either inflammation or scarring. In consequence
during inspiration air enters into the area of the
lung supplied by the afferent bronchus or bronchiole
more easily than it can escape in expiration. Bullae
may therefore arise distal to a bronchus or bronchiole
which has become stenosed as a result of disease; the
area of lung distal to the stenosis becoming distended
in consequence of the valve-like action which the
stenosis may produce.

Maier (1941) believes that there is fragmentation
of the elastic tissue with rupture of the interalveolar
septa; that the changes are usually widespread
throughout the lung tending to be more localised around
its edge and if confined to one area gives rise to bulla
formation. He also describes what he calls pulmonary
blebs - in these the air is localised in the interlobular
connective tissue just beneath the pleura. They
develop as a result of rupturé of the alveoli and the
escaping air migrates along the tissue planes of the

lung - interstitial emphysena.
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The bullae are thin walled and may be almost
transparent. They are lined partly by collagenous
fibrous tissue and partly by cuboidal epithelium.
Over-exertion, coughing or shouting causes the
inflamed bronchus to rupture, the latter cause was
exemplified in Case 5 reported by Allison (1947).

This man was an Army physical training instructor
who was unable to carry out his duties because he
developed pain in his chest when shouting commands.

Characteristically the patients who suffer from
emphysematous bullous cysts complain of breathlessness.
This symptom 1s progressive; indeed the cyst formation
may be so widespread as to cause death from asphyxia
there being insufficient lung left to supply respiratory
needs. Case No. 3l (page586 ) is an example. A man
aged 51 had sustained a gunshot wound of the right chest
in 1915 and since then had been increasingly breathless
but with little cough or split during the nine years
previous to his admission to the thoracic unit. He was
then on continuous oxygen on account of orthopnoea and
cyanosis. There was no finger clubbing. The chest
was grossly emphysematous and distended and there was
practically no movement on respiration. All lung

areas were hyper-resonant. The respiratory murmur
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was heard only at the left base posteriorly where
it was harsh.

The X-rays showed an astonishing picture and one
wondered how life was possible.  The right hemithorax
was completely devoid of lung markings, and all that
one could see that might represent lung tissue was a
straight edge at the right border of the heart. The
left half of the chest was only slightly better, here
there was no evidence of lung markings in the upper two
thirds of the thorax while in the lower third there was
the remains of an almost totally collapsed lung
(Fig. 93 page 590).

He was treated by a phrenic nerve crush on the
right side which gave some relief to respiration but
when two days later a similar procedure was carried out
on the left phrenic nerve he became very cyanosed and
much more breathless. After he was propped up in the
sitting position this gradually improved. One week
later he required only half the original supply of
oxygen but this improvement was not maintained and by
‘six days later his oxygen consumption had increased
greatly.

It is a matter for speculation as to what, if

anything, could have been done to relieve so 1ll a
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patient at this stage of his illness. Undoubtedly
excision of the bullae and closure of the bronchial
leaks on the right side, had he been in better
condition, would have allowed the right lung to
re-expand. Obviously he was unfit for this, so in
an endeavour to do something to improve his condition
a de pezzer catheter was inserted into the right side
of his chest and connected to an under-water seal
drain. On later reflection it would seem that this
measure was a mistake, for while the movement of the
right lung seemed to improve, seven days later his
breathlessness increased and in the evening he became
unconscious and died.  Although the drainage tube
would be quite close fitting in the first few days
leakage of air from the cyst into the pleura would

- commence and probably did so on the day he died, a
localised tension pneumothorex being added to his
troubles (although it must be admitted that the bulla
was partly adherent to chest wall at autopsy; obviously
total adherence would prevent a total tension
pneumothorax developing). While there are no actual
grounds of proof for this belief reference to the
experience of Allison (1947) in these cases would lend

support to it. In four cases he tried to differentiate
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between & local tension pneumothorax and emphyseumatous
bullous cysts and in each he caused a tension
pneumothorax by the insertion of the needle, not
immediately as one might imagine but one, three, four
and seven days respectively after its insertion.

More recently Dugan and Sanson (1950) report aspirating
tension bullous cysts without ill effects though in case
the cyst should burst they are always ready to do a
thoracotony.

At autopsy Case No. 31 (page 586 ) was found to
have a huge bullous cyst in the right lung which filled
the chest and which was torn into in freeing its densely
adherent attachment to the chest wall. The left lung
showed four bullous cysts (Fig. 94 page591). I
preserved the lungs and distended the bullous cysﬁs
with preservative. Two of these cysts were each 18 cm.
in diameter, a third cyst was 5.5 x 5 cm. and the
fourth was slightly smaller. All were thin walled and
all were darkly transparent. 'hey were lined in places
by flattened epithelium and in places by collagenous
fibrous tissue.

Allison (1947) points out that in the less
extensively involved cases the degree of breathlessness

may be out of all proportion to the size of the cysts.
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He belives that this is explained by the Hering

Breuer theory of the nervous control of respiration
namely that the limits of inspiration. and expiration
are regulated by tension within the lung structure and
that the afferent impulses reach the respiratory centre
through the vagi. He further believes that if tension
varies in different parts of the lung the greatest area
of tension might act as the "governor", and this might
be a bullous cyst under tension. This would have the
effect of limiting the depth of respiration and lead to
dyspnoea on exertion. Case No. 32 (page 593 ) might
be placed in this group. He was a man of 46. At

the age of 38 he had pneumonia; at 42 he was breathless
at rest and at 43 he had a spontaneous pneumothorax,
presumably from rupture of one of his bullous cysts.

On X~ray he was found tc have bullous cysts
involving the right lower and middle lobes, the largest
of these is well seen on Fig. 96 (page 597). It is
arising from the posterior and apical portion of the
lower lobe. The edge of the bullous cyst on the lung
aspect can be seen on the postero-anterior film as a
long curving line (a sign first pointed out by Kirklin
(1956); another interesting feature is the low level
to which the diaphragm has been forced (Fig. 96 page
997 ),
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It was decided to remove this cyst. Anaesthesia
was induced with pentothal following which spontaneous
respiration ceased and for the rest of the operation
the gaseous exchange required to be maintained by
artificial respiration through an endotracheal tube.
When the chest was opened a large air-filled cyst
attached to the apex of the lower lobe was found,
opened and dissected out (Fig. 98 page 599 ). Three
small bronchial openings were found to communicate
with the cyst and were closed with sutures. Two
smaller cysts were found, one of which arose from the
middle lobe; both were excised. Unfortunately he
never recovered completely from the operation and died
16 hours later. Perhaps his death was due to his
inability to withstand the temporary asdditional
respiratory burden caused by the operative procedure
on top of a poor respiratory reserve consequent on his
basic emphysema. Even at rest he had required to use
his accessory muscles of respiration.

The cyst was preserved and distended with
preservative and when fixed I found it measured 10 x 7
cm. in size. When it was opened the wall was found to
be smooth and shiny except where it was attached to lung

there it had a cobweb appearance due to strands of
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tissue traversing the cyst, some of these strands
passed completely across the cyst. The cyst wall
was lined by cubical epithelium on a dense fibrous

tissue base.
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Ireatment of Emphysematous Bullous Cysts.

One sees with fair freguency small bullous cysts
with no symptoms. These require no treatment but
should be kept under observation in case of increase
in size so that they can be treated before the patient
is in extremis.

Vhere the cysts are basal in site and giving rise
to symptoms the desired alleviation of symptoms may be
gained by crushing the related phrenic nerve. If such
alleviation is obtained the phrenic nerve when it
regenerates and symptoms recur should be avulsed.
Allison (1947) describes two cases in which this was
the only treatment required. In one of these he had
felt that the diaphragmatic movement was responsible
for the maintenance of the tension within a lower lobe
cyst. The patient had immediate and complete relief
following the operation. He was not advised that the
nerve would regenerate and when he reported back five
months later with a recurrence of symptoms it was seen
that his digphragm was again moving. This time the
nerve was avulsed, thereafter he remained well. The
second case was equally successfully treated and this
patient was found on the operating table to have

increased his vital capacity from 1700 ml. pre-
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operatively to 2500 ml. immediatecly post-operatively.

Allison (1947) believes that when there is a large
cyst causing compression and collapse of the lung it
should be excised and the bronchus opening sutured.

He believes if the lobe in which the cyst lies is also
bronchiectatic the treatment should be lobectomy. Case
No. 33 (page60l ) illustrates this point.

Until one reads the paper by Dugan & Samson (1950)
one is aot to consider bilateral bullous cysts as being
beyond surgical aid. They state that the patient's
condition improves imnediately the chest is open for
the large bullous cyst will herniate into the wound and
allow the underlying lung to expand; also if the
condition is bilateral one must be prepared for
increased distension of the bullous cysts on the
contralateral side and treat it by needle aspiration.
Had this been carried out in Case No. 31 (page 586)
who had the bilateral disease the result might have
been favourable.

Probably needle aspiration of the two apical
cysts on the left side followed by right thoracotomy
and removal of the enormous solitary apical cyst and
seguental resection of the upper lobe would have given

a successful result. Before inducing anaesthesia in
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patients with this condition is is well to remember
that positive pressure anaesthesia courts disaster

by causing gross cyst distension and consequent
asphyxia before the chest has been opened and freedom
for cyst distension has been made.

In considering emphysematous bullous cysts one
requires to bear in mind that there is usually
underlying emphysema in the older age group of
patients and so prognosis should be guarded and a

reduced expectation of life anticipated.
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Hydatid Cysts of the Lung.

Hydatid cysts are rare in most parts of Great
Britain but in certain districts are less infrequent,
notably in Shetland and in certain areas of VWales.

The following three cases of intra-thoracic hydatid
cysts are the only ones observed in this ten year survey.

Case No. 35 (page6l12 ) a banker aged 47, had
worked for 27 years in Persia and during the last
three or four years of his stay he had had a slight
cough accompanied by scanty mucoid sputum; over
twelve months he had had several haemoptyses. During
an attack of "bronchitis" his chest was X-rayed and an
opacity was seen in the right lung; he was then sent
home. On admission to the thoracic unit x-ray examination
showed a lobulated mass in the anterior segment of the
right upper lobe; in the lateral x-ray this mass showed
a trefoil appearance (Fig. 104 page 616). The condition
was diggnosed as a bronchogenic cyst. At operation the
cyst burst and the lining which immediately extruded
itself was typical of hydatid. Examination of the
- fluid showed it to be teeming with scolices. He
recovered from the operation but developed a broncho-
pleural fistula and subsequently "lattice" lung;
anaphylactic phenomena were at first absent but later

he became breathless and asthmatic.
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Case No. 34 (page 605). . domestic servant, 29
years of age, was admitted following seven weeks of
increasing breathlessness accompanied by discomfort
in the right chest. X-ray revealed a large spherical
mass in the right lower chest. The Casoni test was
doubtfully positive. During the operation to remove
the right lower lobe within which the cyst lay, the
adventitious lining gave way and the cyst escaped
intact. Subsequently on several occasioms unlimited
quantities of apparently crystal clear fluid could be
aspirated from the right chest; on one of these
occaslions after 900 c.c. were aspirated there was still
fluid to come. Further x-ray showed that the fluld was
being obtained from a second hydatid cyst situated in the
superior aspect of the liver., This cyst also was
removed later. We should have suspected the association
of liver hydatid with the cyst in the right lower lobe
as the liver at the time of admission extended to two
fingers breadth below the costal margin. Review of the
x-rays showed considerable elevation of the right leaf
of the diaphragm. She made a good recovery.

Case No. 36 (page619 ). This eleven year old
schoolgirl had suffered from an irritating cough for

some months. She had had a little sputum, but no
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breathlessness.  X-ray revealed what was thought to be
a bronchogenic cyst lying in the superior mediastinum
to the right of the trachea (Fig.l07 page 622). At
operation a cyst & cms. X 4 cms. was removed from the
right side of the trachea just above the tracheal
bifurcation. It was extrapulmonary but adherent to
the mediastinal aspect of the right lung. The cyst
wall showed dense laminated acellular tissue lined by
a syncytium of cytoplasm dotted by tiny nuclei.
Hooklets could not be found, but there is no doubt that

the cyst is of parasitic origin.

The Incidence of Pulmonary Hydatids.

Barrett & Thomas (1952) in a very comprehensive and
authoritative article reported 71 cases of hydatid cyst
of the lung most of these having occurred in Wales.

A curious feature of the disease is the different sites
of infestation and types of population affected in
different parts of the world. In Australia the
incidence is highest in the sheep rearing districts,
whereas in South Wales the people living in industrial
areas are more prone to infection than are the farmers
(Barrett, 1947). Further, the site of primary hydatid
disease also varies, 9% are reported by the French

authorities to occur in the lung, whilst in Australia
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the lung incidence is reported by some to be as high
as 256.

The three cases in this series were aged 11, 29
and 47 years respectively and comprised one male and
two females.

Barrett (1947) found that over half the cases
occurred within the second and third decades of life
and of these the latter was rather more common. He

stated that the sex incidence was exactly equal.

Clinical Features.

In my three cases the duration of symptoms varied
from seven weeks to four years. In two, cough was the
presenting symptom and one of these had had several
haemoptyses. The presenting symptom in the third case
was gradual increasing breathlessness accompanied by a
dull pain in the chest, both obviously the result of a
moderately 1arge cyst (Case No. 34 page 605). Only in
Case No. 35 (page 612), was there an obvious association
with potentially infected dogs. He had been resident
in Persia and several dogs were always present in the
house (a normal feature of domestic life in that country).
This patient had the longest history, i.e. four years.

He had been known for thirteen months to have a shadow

on x-ray examination in his lung. In this case and
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also in Case No. 36 (page 619) dullness to percussion
and diminished breath sounds were noted over the affected
area. X-ray examination in Case lNo. 35 (page 612)
revealed a trefoll shadow in the right upper lobe which
was diagnosed as a lung cyst. At operation the cyst
ruptured during removel, and the nature of the extruded
wall and the presence of hydatid sand on it indicated
that this was no ordinary lung cyst. Later that day
when I examined the fluid under the microscope I saw
numerous scolices and many hooklets. He had a stormy
convalescence and his wound broke down. Six years
later he had become very breathless and asthmatic
possibly as a result of sensitisation. In the light of
knowledge acquired subsequent to this case it is obvious
that an opportunity for more radical and effective
treatment has been lost as he has subsequently developed
lattice lung and has a broncho-pleural fistula. Ilreat-
ment should have been supplemented by elther closure
of the "dead space'" and fistula or by lobectomy;
unfortunately it is now too late as he is unfit to
withstand either method of treatment.

Case No. 36 (page6l9 ) aged 11, showed an unusual
X-ray appearance for a hydatid cyst. A small spherical
shadow was seen just above the bifurcation of the

trachea and between it and the right stem bronchus;
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not unnaturally it was diagnosed as a bronchogenic
cyst and operated on as such. It was situated as
described above and was adherent to the mediastinal
aspect of the right lung; in the course of dissecting
it from the lung it became detached from the trachea
and dropped out free - a pearly white cyst the size of
a golf ball. such a degree of detachability indicated
that this was more likely to be a parasitic cyst than one
of developmental origin. ueference to the microphoto-
graphs (Fig. 109 page 624) shows that the outer wall of
the cyst is composed of a dense chitinous laminated
structure together with a syncytial lining beset with
tiny nuclei; these appearances confirmed that this is
a parasitic cyst. Careful search did not reveal any
hooklets in confirmation of the diagnosis of echinococcus
cyst nor any other feature to enable precise identifilcation
to be made. ‘Ihe naked eye and histological appearances
are, however, typical of hydatid cyst and Professor
Cappell agreed that the structure was not that of a
mammalian tissue.

Case No. 34 (page 605) the most recent case was
the only one correctly diagnosed and that only partially
as the Casoni test was doubtfully positive. 'this

was the case which at operation showed a portion of the
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cyst immediately beneath the pleura. The sequence of
events during the operation are of considerable interest
and they help to substantiate the recent method of
removal advocated by Barrett (1949) (see page 123).
During the performance of a right lower lobectomy the
cyst herniated out of the lobe and lay free and intact
in the pleural cavify. The lobectomy was completed
and the free cyst was 1lifted out of the chest.
Presumably what had happened was that the area of the
cyst presenting on the surface of the lobe had gradually
increased in size as a result of the handling during the
operation; in other words the manipulation'of the lung
by the anaesthetist as advocated by Barrett (1949)
(page 123). I examined the fluid in the cyst and found
scolices to be present, the histological picture of the
cyst wall showed the typical laminated chitinous
| structure. On the sixth post-operative day a needle
inserted to tap fluid at the right base withdrew over
900 c.c. crystal clear fluid. That night the patient
developed symptoms of anaphylaxis including migraine,
aphasia and paresis of face. Five days later aspiration
produced a further 600 c.c. of similar fluid. X-ray
examination then revealed a fluid level in a hydatid

cyst in the superior aspect of the liver. This cyst
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- was removed seventeen days after the first operation;

the patient was discharged well on the nineteenth day
thereafter. the presence of a liver hydatid should
have been suspected from the beginning for two reasons,
firstly the site of the hydatid on x-ray in the right
lower lobe obviously related to a raised diaphragm and
secondly because on admission the liver was noted to be
two fingers breadth below the costal margin. It is
possible that the cyst removed from the lung originated
in the liver and herniated through the diaphragm into
the lung.

Whereas these thrse cases had symptoms a case of
hydatid cyst may be asymptomatic and discovered
incidentally on routine x-ray of chest. The
presenting symptom is usually cough but if the cyst
has recently ruptured the cough is accompanied by watery
sputum and haemoptysis, indeed this latter symptom may
be the presenting one. If the cyst has attained moderate
to large size breathlessness may be the main complaint
due to interference with respiratory exchange (Case lo.
34 page 605). Pain is commonly a feature and Barrett
(1947) believes that this is due to tension in and
around the cyst.

Radiological examination will show a shadow
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which 1s usually spherical, but may be trefoil as in
Case No. 389 (pageBl2). A translucent crescent in the
upper area of the cyst indicates that partial rupture
has occurred and a little fluid has escaped between the
laminated membrane and the adventitiae also a little air
has entered the space before spontancous sealing of the
small perforation in the laminated membrane occurred.
The translucent crescent of air changes its position
with movement no matter the position of the patient.
1his crescent of alr is known as "perivesicular
bneumocyst“ (Barrett & Lhomas, 1952). If complete
rupture occurs the cyst may empty compleiely into the
bronchial tree and spontaneous cure result (Susman,
1948).

Satisfactory spontaneous cure by coughing up the
cyst is by no means free from risk. Thomas quoted by
Barrett (1947) stated that 25 of 133 Australian
patients who coughed up their cysts died from
anaphylaxis, asphyxia due to flooding of the bronchial
tree by the cyst contents, haemorrhage or later
infection within the cyst.

The x-ray appearances of an empty cyst will be
those of an air filled lung cyst. If complete

rupture of the cyst takes place but only partial
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emptying occurs the x-ray may show portions of the
laminated membrane curled up and floating on the
surface like a water lily floating on a pond: the
so-called "water 1lily" sign.

If the cyst is near the lung surface it will
ultimétely present at least part of its periphery on
the subpleural aspect of the lung (Case No. 34,
page 605) and may then cause adhesions between the
two pleural surfaces and even erode the ribs
(Barrett, 1947). Ultimately the cyst may drop out
of the lung altogether to take up its position in the
pleural cavity and there develop a new capsule. In
the course of herniating out of the lung it may rupture
and produce symptoms of anaphylaxis (Case No.35 page 612)
and spontaneous or tension pneumothorax. If it has
ruptured the pleura will become seeded with secondary
cysts, which grow rapidly (Case 19, Barrett, 1947).

As a last possibility the hydatid may die and
ultimately calcify. ‘

No area of the lung is exempt; the right lung is
more commonly involved than the left and the lower lobes
more often than the upper lobes. Bilateral cysts are
not infrequent; Barrett & Thomas (1952) found them in

18% of cases.
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Other intrathoracic sites in which hydatids have
been found include the pericardium and the heart.
D'Abreu (1950) reported a case of a hydatid cyst in
the wall of the left ventricle which had a shadow
continuous with the cardiac border and which displayed
transmitted pulsation. L'he patient was known to have
a hydatid cyst of her spleen; because of haemoptysis
(the cause of which was never discovered) it had been
thought that the cyst was intrapulmonary. It was
successfully removed. He quotes Thomas as having
collected 48 cardiac hydatids most of whom died suddenly
when the cyst ruptured either into a heart chamber,
usually the right ventricle, or into the pericardium.

Susman (1948) advocates completion of the
. investigation by bronchograms and bronchoscopy, also
a preliminary pneumothorax if one wishes to promote
adhesions between the visceral and parietal pleura
~before operating. In my opinion it would seem
unnecessary to perform bronchograms at this stage
because any bronchiectasis present may well be
reversible. Barrett (1947) believes that the lung
adapts itself so well to these cysts that irreversible
bronchiectasis is unusual. 'he time for bronchography

would appear to be some weeks or months after the cyst
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has been removed if the patient still has a cough
and sputum so that one may confirm or exclude the
presence of a dead space still within the lobe from
which the cyst was removed,or the presence of
bronchiectasis which has not been reversible.

Bronchoscopy may be helpful in a case in which
the diagnosis is in doubt, this would be particularly
appropriate in the type of case in which the cyst was
as yet comparatively small and in which, in consequence,
the exclusion of lung tumour, adencma or carcinoma was
difficult. Bronchoscopy may also be helpful in the
ruptured and infected cyst as it will make possible the
aspiration of the affected lobe. Susman (1948) was
able to extract the hydatid membrane after several
bronchoscopic aspirations in one case in which the cyst
had ruptured. The patient was well three years later.

Further aids in diagnosis are a raised white cell
count (10,000 to 16,000) and en increased eosinophil
count of 6% or 8. The eosinophil count may be raised
in the absence of a total leucocytosis.

The complement fixation and Casonl tests may be
positive. In four of the cases reported by Logan and
Nicholson (1948) in which the Casoni test was performed

before operation, there was one positive, two negatives
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and one immediate negative but weakly positive
delayed reaction. Barrett (1947) has found that
the Casoni test must be interpreted in the light of
clinical and radiological findings, as he has found
it positive on six occasions in patients suffering

from some condition other than hydatid disease.

Treatment of Hydatid Cysts.

The mode of treatment to be adopted in hydatid
cysts is admirably summed up in these words by
Barrett (1947) "the surgical removal of lung hydatids
is the ideal and conservative treatment is a policy
of despair".

That surgical treatment is the ideal has been
generally agreed but precisely what nature that surgical
treatment should take is not so generally acceptable.

There are two main schools of thought in the
treatment of the univesicular cyst. Logan and
Nicholson (1948) from their experience find that
removal of the cyst by lobectomy is the treatment which
gives the best results. When the cyst alone is
removed they have found that the dead space left
frequently fails to close; also that bronchiectasis
i1s so frequently co-existent in the affected lobe that
& quicker and more satisfactory result is obtained by

lobectomy.
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On the other hand Susman (1948) expresses the
seme opinion as Barrett & Lhomas (1952) that even large
cysts should not require lobectomy.  Ihey believe that
the local destruction caused by the cyst affects only
one lobe segment and not an entire lobe. This
conservation of as much lung tissue as possible
conforms to the present trend in modern thoracic
surgery and would appear to be the ideal method of
treatment.

In 1949 Barrett devised a new method of
enucléating the cyst with conservation of lung tissue.
He re-affirmed the value of this method in 1952
(Barrett & Thomas). A thin rubber bag like a sponge
bag with tapes round 1t is passed over the lobe and
the tapes drawn tight round the hilum but not to
occlude the vascular supply. Through the bottom of
the bag the adventitia of the cyst 1s incised and the
laminated membrane is exposed as wide as 1ts diameter.
The anaesthetist inflates the lung repeatedly over the
succeeding 10 to 30 minutes during which time the cyst
is extruded into the bag, the table is tilted toward
the surgeon and the bag is emptied into a dish. The
bronchial fistulae which are constantly found opening

into the "empty space" should be closed individually
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"and the sac obliﬁeratsd?by a series of purse-string
sutures inserted seriatim from the bottom to the
surface of the space". They find that the space
remains closed in the majority of cases, in a
minority the space may remain open ultimately being
lined by epithelium thus becoming an air filled lung
cyst which may or may not evoke symptoms. If the
hydatid cyst was large they advise excising the
adventitia and closing the main segmental bronchus
leading to the fistulae. They believe that no matter
how large the cyst may be that only one segment of
lung is involved and therefore only one segmental
bronchus is ruptured.

Case No. 34 (page 606) illustrated the ease with
which this method could be used successfully. In this
case the hydatid cyst was actually presenting an area
the size of a florin on the external lung surface and
and during the manipulations necessary to perform a
lobectomy the cyst actually herniated out of the lobe
and fell intact into the chest. If instead a bag had
been applied over the lobe and the adventitia incised
for a short distance on either side of the presenting
surface of the cyst it would certainly have herniated

as Barrett (1949) described.
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Case No. 35 (page 612) corresponds to the type
of case 1in which the residual space in the lung
persists after the cyst has been removed. 7This
patient ought to have had a lobectomy to complete
his treatment before he developed asthma and emphysema.

The simple evacuation of the cyst contents and
suture of the adventitia to the chest wall in the
uncomplicated hydatid cyst would now appear to have
no place in treatment, indeed it is a method not
without risk as air may escape from the raw lung
surface into the pleural space and give rise to a
tension pneumothorax.

For bilateral simple cysts bilateral thoracotomy
at a suitably placed time interval appears to be the
accepted treatment. Barrett (1947) gives a warning
that by the time of the second operation the patient
may be sensitised even although only a small guantity
of fluid has been spilled at the first treatment.
This complication is apparently infrequent.

Ruptured and infected cysts may be treated elther
by removal of the cyst contents and wall, the "space"
being marsupialised and drained (with additional
separate drainage of the pleura) or by lobectomy.

Susman (1948) favours the former method.
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Barrett & Thomas (1952) favour the latter if the
lobe 1s extensively diseased; if it is not and the
patient 1s young and in good condition they prefer
incision and drainage with removal of the abscess
contents. Those cases in which drainage alone has
been carried out and in whom the lobe 1s extensively
diseased are liable to develop permanent sinuses and
"lattice lung" (Case No.35 page 612 developed these
complications).

If cyst fluid escapes at the time of operation
daughter cysts may develop.  Barrett (1947) mentions
an interesting case of daughter cysts the size of
"pearl beads" which appeared in the mouth on coughing
and sneezing and which "popped like seaweed when
squeezed". The patient had had a primary hydatid
removed intact five years before in New Zealand.

She was operated on twice by Brock and apparently
cured.

Dead hydatid cysts should be regarded as
dangerous foreign bodies in the lung (Barrett, 1947).
When the cyst dies its disintegration causes
inflammation in the lung round about; ultimately
much fibrosis and even dense calcification may occur.

Castex and Copdehourat (1950) encouraged by the
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good results they obtained using intrapulmonary
injeotions of antibiotics in broncho-pulmonary
suppuration began to use a similar method of
treatment for infected hydatid cysts and finding

this method successful they extended its use to
uninfected ones. In infected cysts they injected
sulphonamides and the appropriate antibictics and
claimed that the resultant irritation produced
coughing which in turn loosened portions of the
endocyst and led to expectoration of its fragments.
In uncomplicated cysts they first desensitised the
patient, then produced pleurodesis over the site of
the cyst which was ultimately sterilised by formalin
injection and emptied; the cyst wall was then treated
by injections of digesting fluid containing pepsin and
hydrochloric acid. These injections usually require
to be repeated for at least three months.  While

- this method of treatment seems to be successful, in
these times of modern chest surgery and anaesthefic
methods I feel that operative treatment is more
certain and will greatly reduce the period of

invalidism.
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Haemangioma of Lung.

In my series there was only one case of haemangioms,
of lung. It occurred in a male patient who had multiple
telangiectasis of the skin and of the buccal and bronchial
mucosa. This case would appear to have considerable
resemblance to the syndrome of hereditary haemorrhagic
telangiectasis described by Rindu, Osler and Weber.

A number of cases with this syndrome have had pulmonary
arterio-venous aneurysms.

Case No. 87 (page 625) a 45 year old joiner gave an
eleven months history of loss of energy and loss of
weight accompanied by tightness across his chest. After
three months he began to cough up blood stained sputum
and a month later he had a haemoptiysls amounting to two
pints. He was admitted to Ballochmyle Hospital in a
critical condition. No cause was found for the
haemoptysis and he was discharged home. He had a
further haemoptysis and was admitted to the thoracic
unit. On examination he was found to have multiple
telangiectatic spots on his face (particularly around
his mouth), and on the buccal mucous membrane. X-ray
revealed a number of small, circumscribed, rounded
opacities in the left lower lobe. Bronchoscopy showed

numerous submucous angiomatous vessels in the bronchial
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walls. An angiomatous mass, pulsatile and transmitting
a thrill, was excised from the left lower lobe. He

made a good recovery end had no further haemoptysis.

the Historical Features of Haemangioms of Lung.

Bowers (1936) reported the first case; a two day
old boy who died as a result of intrapleural haemorrhage
and in whom multiple haemangiomatous masses in the lungs
were found at autopsy. they also quote the second case
reported by Rodes of a man of 25 who died of haemoptysis,
at post mortem multiple haemangiomata were found in the
right lower and middle lobes and in the left upper lobe.
Smith & Horton (1929) made the first diagnosis during
life and Shenstone (1942) first successfully removed a
lung for this condition in 1940. Hayward & Reid (1948)
found records of 28 cases diagnosed during life and added
one of their own; twenty-one of these had been operated
on.

Pathological Features.

Haemangioma of the lung is part of a more or less
generalised condition of telangiectasls and is a wide
peripherally placed communication between a venalised
tortuous pulmonary artery and a coriesponding pulmonary

vein. Hayward & Reid (1949) found that in their



specimen the major lesion consisted of a thin-walled

dilated and tortuous pulmonary arterial branch opening
into a single large peripheral cavity which in tuin
drained by wide openings into two pulmonary veins.

In spite of its huge size, the communicating cavity
between artery and veins occupied the same position in
relation to these as do the capillaries which are present
in normal lung. The arterial branch concerned in the
lesion from its origin to its termination in the peripheral
cavity was abnormally wide, long and thin-walled; but the
veins showed less variation from normal gpart from their
unusual origin in the sac and their increased dismeter to
accommodate the greater volume of blood flowing through
them. ‘their walls were of normal thickness and their
length only slightly increased.

Whitaker (1947) reported two cases, only one of which
was operated on; in it he found the veins very thin,
their walls being only 30 to 40 u. in places.

Hayward & Reid (1949) stress the importance of
recognising that a large lesion of this nature is only
one manifestation and that many small dilated vessels
are to be found in the adjacent lung tissue, in other
words "the large arterio-venous communication is not a

circumscribed condition as at first sight it appears to
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be but a localised exaggeration of a more diffuse
process".,  ‘Lhey believe that these small vessels are
dilated pulmonary arterioles and their communications
with corresponding venules. ‘'hey compare them to

telangiectasis of skin and mucous membranes.

Clinical Fesgtures.

AlGmirable accounts of the clinical features of
haemangioma of the lung are described by Jones & Thompson
(1944) and Maier et al (1948). Quite frequently these
cases have been diagnosed as having congenital heart
disease because of the cyanosis and clubbing of the
fingers and toes. It is not until X-ray examination
of the chest has revealed a tumour of the lung or a
continuous exocardial murmur that the true condition
1s recognised. Compensatory polycythaemla 1s always
present and its degree is an indication of the size of
the arterio-venous communication. A striking feature
is the normal cardiac shadow with no signs of hypertrophy
because the lesion is entirely pulmonic in sité. In
about half the cases over the area of anastomosis there
is a moderately loud rough, roaring murmur which is often
continuous, most marked at the end of systole and the

beginning of diastole and increased in intensity at the
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end of deep inspiration. On X-ray there is a rounded
or irregular shadow seen in the lung field; it does
not appear to alter in size with the passage of time.
During inspiration it increases and during expiration
it decreases. On plain X-rays it looks solid but is
actually a branching mass sometimes worm-like in
character connected to the pulmonary arterial branches.
Angio-cardiography confirms the diagnosis and lMaier
(1948) recommends that this method of investigation be
carried out in all cases of suspected haemangioma for
in' this way multiple arterio-venous communications not
seen on routine X-ray investigation will be demonstrated.
Maier (1948) reported a case which had bacterial endo-
carditis in the arterio-venous fistula; the case was
successfully treated by chemotherapy and subsequent
lobectomy.

When the diagnosis has been established with
reasonable certainty the decision for operation may be
determined by the degree of anoxaemia present and by the
secondary effects such as polycythaemia or if there is
severe haemoptysis as in my case. Hayward & Reld (1949)
believe that if these conditions are present and causing
disability and if it is felt that operation will relieve

these disabilities then 1t should be carried out.
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With increasing knowledge of this condition,
other factors should be taken into consideration even
in the absence of gross anoxaemia and polycythaemia.
thus Rodes (1938) reported a case of rupture of the
arterio-venous communication snd Jones & ‘hompson
(1944) found the wall of the venous component of their
specimen so thin that they felt it could have been
ruptured by a blow on the chest. ‘Ihrombosis would be
a constant danger in the presence of a marked degree of

polycythaemia. While bacterial infection is also a risk.
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Operative treatment of Pulmonary
Cavernous Haemangioms.

As a rule some form of resection is required in
cases of haemangioma. Cleland (1948) found an enormous
dilatation of the pulmonary artery and vein to the lower
lobe; 1in consequence, to remove the haemangioma, lobectomy
was required.  Further, other vascular congenital
anomalies of the lung must be borne in mind, for example,
Jones & Lhompson (1944) found it necessary to perform a
pneumonectony in their case because theie was no superior
pulmonary vein; removal of the lower lobe with ligation
of the inferior pulmonary vein would probably have led
to necrosis of the upper lobe and loss of its entire
functioning capacity.

On occasions it may be found possible to dissect
out the lesion and conserve the lung tissue. In July
1951 I saw Crafoord in Stockholm carry out just such an
operation with his usual consummate skill. ''he haem-
angioma was in the middle lobe and I fully expected him
to perform a middle lobe lobectomy but by dint of careful
painstaking dissection he was able to enucleate it from
the middle lobe and at the conclusion of the dissection
he was left with a comparatively small communication
between one of the pulmonary artery branches with one

of the pulmonary veins of the middle lobe. He was
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thus able to conserve the lobe which appeared to have
good function. Obviously it is by no means always
possible to achieve complete removal of the haemangioma
and preserve the lung tissue in this way.

‘'he case in my series survived the operation and
had no further haemoptysis.

Hayward & Reid (1949) found two operative deaths

reported in 29 cases submitted to operation.
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Bronchial Adenoms.

Lthis interesting group of tumours was represented
by 9 proved cases and 3 which were unconfirmed.

Case No.45 (page 696).  this 49 year old
domestic servent had been breathless on exertion
for 20 years; for 6 years a ticklish cough had been
present. Two attacks of so-called pneumonia occurred,
the first two years and the second one month before
admission to the thowracic unit. Bronchogram revealed
incomplete obstruction of the right stem bronchus just
above the middle lobe bronchus. Bronchoscopic biopsy
tissue taken in Aberdeen before admission was reported
as oat-cell carcinoma. Pneumonectomy was carried out
and the diagnosis was confiimed by an inexperienced
pathologist. ‘lhree years later she was admitted to
Perth Royal Infirmary for some other conditlon. She
was so well that a report was sent to the thoracic unit
telling of her good health. I re-examined the specinren
and the histological sections and found that she had an
adenoma and not a carcinoma.

Case No.4l (page 659). For 1l years this 46
year old woman had had a cough with haemoptysis every
three or four months. For 10 years she was known to
have an opacity in the right chest which had altered

little in size. An adenoma was seen on bronchoscopy
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projecting from the middle lobe bronchus. The tumour
was removed along with the middle and lower lobes. She
made a good recovery.

Case No. 40 (page 649). Bvery six months for 28
years this 49 year old housewife had attacks of haemoptysis;
for three years she was known to have a simple tumour in
the right lower lobe. shortly before admission she had
several large haemoptyses following one of which she
fainted. The tumour was seen and diagnosed on
bronchoscopy. It was removed by lower lobe lobectomy
and proved to be an adenoma. She made a good recovery.

Case No. 43 (page 680). This 49 year old female
patient had recurring haemoptysis for ten months.
Bronchoscopy revealed an adenoma in the right lower lobe
bronchus. X-ray of the chest following one brisk
haemoptysis revealed an increase in opacity in the lobe
probably due to aspiration of blood. The tumour and
right lower lobe were removed. She made a good recovery.

Case No.39 (page 641). A housewife, aged 51,
for two years had recurring attacks of what appeared to
be pneumonia with occasional haemoptysis. X-ray
revealed collapse of the right lower lobe and bronchoscopy
showed an adenoma in the right stem bronchusf The

tumour was removed along with the middle and lower lobes,
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both lobes were atelectatic having been blocked by
the tumour which had no extrabronchial extension.
She made a satisfactory recovery.

Case No.44 (page 688). 4 motor driver, aged
59, two months before admission to the thoracic unit
developed what was thought to be influenza following
which he had a haemoptysis of one pint of blood. He
was bronchoscoped in another hospital and the biopsy
specimen was reported as oat-cell carcinoma.
Bronchoscopy was repeated when he was admitted to the
thoracic unit and an adenoma was seen and removed.
Subsequently lobectomy was carried out and complete
removal of the tumour at bronchoscopy was confirmed.
He made a good recovery.

Case No.38 (page 631). A 59 year old woman,
for six months had pain in the left chest, lassitude,
cough and spit, but no haemoptysis. She was
bronchoscoped in another hospital and the biopsy tissue
was reported as oat-cell carcinoma. A pneumonectomy
was carried out; subsequent examination revealed a
polypoidal tumour blocking the stem bronchus. The
tumour was an adenoma. She made a good recovery.

Case No. 43 (page 669). This 30 year old woman

had attacks of pneumonia five and three years before
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admission to the thoracic unit. Nine months before
admission a pleural effusion was found. ‘t'wo months
before admission the effusion was found to be due to
sterile pus. It had caused complete lung atelectasis
and it was lying in a space which had a slightly positive
pressure. Several attempts were made to aspirate air
and re-expand the lung but these were unsuccessful.
Bronchoscopic examination revealed an adenoma.  ‘Iwo
more bronchoscopic examinations were carried out and
further tumour tissue was removed but lung re-expansion
did not occur. Pneumonectomy was performed and a large
tension lung cyst of the upper lobe was found. The
fluid and subsequent sterile pus had apparently been
aspirated from the cyst and not from the pleura. the
specimen showed an adenoma 1 x 1.5 cm. blocking the stem
bronchus above the origin of the upper lobe bronchus.
The cyst was 12 x 10 cm. in size; 1t had at least
three communications with the upper lobe bronchi.
She made a good recovery.

Case No.46 (page 703 ) a female, aged 38, developed
a chest cold and had had several haemoptyses two months
prior to admission to the thoracic unit. Examination
revealed dullness at the right lung base. X-ray

examination showed a rounded solid shadow at this area.
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She was operated on and the tumour along with the
right lower lobe was removed. It was found to be
5 cm. in diameter. ‘Lhere was some doubt as to the
exact diagnosis but it was thought to be an adeno-
carcinoma. She made a satisfactory recovery but
died five years later from a carcinoma of breast.
On reviewing the case and taking into account her
subsequent good health it would seem that it was an

adenoma and not an adenocarcinoma.
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Bronchial adenoma was first described in post-
mortem material in 1882 by lueller. According to
Goldman & Comner (1950) the condition continued to
be diagnosed only at post mortem until 1930, in that
year the bronchoscopic recognition and bronchoscopic
treatment during life commenced with the correct
diagnosis by Kramer. This phase remained as the
only approach to the problem and its treatment until
1938 when Hemperl introduced the more radical and much
more conclusive method of treatment by pulmonary
resection in conformity with the more complete under-
standing of the lung damage which results in many of

these cases from bronchial blockage.

Incidence & Etiology.

Sanders & Kingsley (1948) found the incidence of
adenoma of the bronchus at the Lahey Clinic to be 6.9%
of all proved bronchial tumours. The origin of these
tumours favoured by most authorities is that they arise
from the epithelium of the mucous glands and ducts of
the bronchi (Brunn & Goldman 1941). It would seem that
whereas in bronchial carcinoma the usual site of origin
is in the bronchial epithelium, in adenoma this is

never the cell of origin and in this way adenoma
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resembles fibro-adenona of breast having origin from
the acini while carcinoma arises from the duct
epithelium, Carcinoma may arise and often does in
smaller bronchi, adenoma seldom if ever takes origin
distal to the main lobar bronchi.

This latter feature could be used as an argument
in favour of Womach & Graham's view of origin. They
put forward the very reasonable view that adenoma
arises as the result of failure of a bronchial bud to
develop into the orderly arrangement of tissues found
in normal lung, any such tissue will obviously be
associated with and remain intimately connected to the
stem bronchus. ihen mesodermal elements preponderate
they believe that chondroma, lipoma and fibroma will
occur and when entodermal elements are in the majority
that an adenoma will result. In support of this view
they hold that adenoma is difficult or impossible to
differentiate from foetal lung. In further evidence
they have shown that other anomalies may be present in
these cases including absence of or excessive lobulation
and congenital cystic disease. When I visited Dr.
Graham at his clinic at the Barnes Hospital, St. Louis
in September 1951, he was still in favour of this view

and he showed me specimens of two cases in which there
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was a carcinoma and a sarcoma growing side by side;
this was held to support the theory of failure in the
development of part of a lung. His explanation of
this rare association in the realm of tumours was that
it had occurred where a bronchial bud had failed to
develop and the mesodermal &and entodermal elements had
undergone simultaneous malignant growth.

lallory (1946) believes that adenomata are
similar to carcinoid tumours of the appendix having
slowly growing cells with affinity for silver stains.
Several cases in this group were studied by Dr.
Hutchison of the Western Infirmary and myself in an
attempt to determine whether the general histological
resemblance to the carcinoid tumours was accompanied
by an argentaffin reaction and other histochemiéal
similarities. In no case could we confirm Mallory's
findings, and we therefore concluded that the

resemblance was only superficial.

Pathology.
Bronchial adenoma is a tumour of slow growth
almost invariably arising in relation to a stem
bronchus of a lobe or lung; consequently it was seen

on bronchoscopic examination in every one of the 8

caseg bronchoscoped.
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Moersch & lcDonald (1950) reported that the tumour was
seen in 91% in a series of 84 patients at the lLayo
Clinic.

The gross characteristics of these tumours are
so typical that the bronchoscopist at the time of
examination can often suggest the diagnosis of adenoma.
The picture seen is the partial or complete occlusion
of a stem bronchus to a lung or lobe by a lobulated
pink, red or purplish mass which is firm to touch and
bleeds readily. The surface of the tumour is smooth
because as a rule the bronchial mucosa is intact over
the tumour and has not ulcerated, though ulceration may
develop and squamous metaplasia may occur. An important
feature not fully appreciated in the early days of
treatment was that the tumour resembled an iceberg
floating in water in that the visible portion was much
smaller than the portion lying within the lung substance
but outside the bronchus. While it is true that a very
few adenomata have no extrabronchial extension (Case
Nos. 38 and 39 page 631, 641) it is the exception rather
than the rule. Such tumours will probably have a
narrow pedicle and so be freely movable and thus be
readily excised through the bronchoscope unless they

have reached a large size. The more usual tumour
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might be likened to a dumb-bell. It has a small
intrabronchial portion joined by a narrow neck of
tumour which passes through between the cartilaginous
rings to the main mass lying in adjacent lung tissue
which is compressed around it (Case No.40 page 649).
It is therefore quite impossible in these cases for the
bronchoscopist to tell how large the tumour really is.

If the adenoma blocks partly or completely the
bronchus into which it projects the lung distal to the
obstruction will show pathological changes of varying
severity. Such obstruction may cause segmental or
lobar atelectasis (Case Nos. 39 and 41 page 641, 659 ).
Subsequent stagnation of the secretion will lead to
superadded infection and will give rise as a common
sequel to bronchiectasis (Case No. 38 page631) and
lung abscess.

A feature I have not found published in other
series of cases occurred in Case No. 42 (page669 ).
On the superior aspect of the lung there was a giant
tension cyst measuring 12 x 10 cm. in size. I found in
the cyst three bronchial openings which had communication
with the upper lobe bronchus. The cyst lining was
smooth, shiny and pale blue in colour. It 1s

interesting to report that neither the clinicians nor
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the radiologist diagnosed the condition as a cyst,

all thought there was a pneumothdrax with a concomitant
effusion. For & years she had been frequently admitted
to a sanatorium as a case of tuberculous effusion but
this was never proved; indeed not only was the fluid
tapped on several occasions and found to be serous in
character but attempts were made to re-expand the
collapsed lung by withdrawing sir from the "cyst",

as much as 5,000 c.c. of air being removed on one
occasion. As one would expect in view of the bronchial
communications this had no effect.

In the 9 proved cases of adenome, 7 were in the
right lung and 2 were in the left. This preponderance
vof right lung over left is a frequent feature in
published series, although the discrepancy between the |
two sides is not usually so marked. loersch & licDonald
(1950) had 47 right tumours as against 38 left ones.
Four of the 9 specimens were in the stem bronchus,
three in the lower lobe bronchus and one in the middle
lobe. |

Although Baldry (1952) reported 9 cases of
carcinoma of the middle lobe bronchus from a series
of 185 (B%) this figure is somewhat higher than other

reports and it is generally agreed that carcinoma of
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the middle lobe is uncommon. On the other hand one
has the impression from the litersture that adenoma of
the middle lobe bronchus occurs rather more frequently
than does carcinoma. Case No. 41 (page 659) occurred
in this site. lNoersch & McDonald (1950) had three
instances in a series of 86.

Adenoma seen through the bronchoscope shows up as
a pink or red, lobulated tumour but when the tumour is
sectioned after removal it 1s usually greyish white in
colour and its lobulated appearance is maintained by
strands of fibrous tissue running throughout its
substance (Fig. 120 page 655). The largest tumour
occurred in Case No. 40 (Fig.120 page 655) and was
6 cm. X 4.5 cm. in size. As might be expected, this
was the case giving the longest history, namely 26
years. This tumour appeared to be invading bronchus
at one point and this may have accounted for the
marked increase in symptoms shortly before admission
to hospital. These included three large haemoptyses,
following one of which she became unconscious. A
further interesting feature of this case was the presence
of a small grape-sized congenital cyst in the lower edge
of the lobe.

The specimens removed from those cases in which
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the tumour projected into the lung substance showed

that tumour growth had displaced and compressed the

lung tissue before it in such a way as to ensheath

the tumour and give the appearance of a false capsule
(Case Nos. 40, 41, 43 page 649, 659, 680). Case No. 41

(page 659 ) in which the tumour was in the middle lobe
illustrates these features particularly well. The
tumour had been seen on x-ray 10 years previously but

no noticeable change in size had occurred in spite of
recurring attacks of haemoptysis every three or four
months for the first 8 of these years. At bronchoscopy
the tumour was seen to project into the stem bronchus
from the middle lobe orifice and it was partly obstructing
the main lower lobe bronchus. Figs. 125 & 126 page 665, 666
illustrate this projection of the tumour; indeed the
projection was so marked that at operation it was found
necessary to remove the lower lobe as well as the middle
lobe, indeed some difficulty was encountered in leaving
sufficient stem bronchus behind so that the closure
would not encroach on the upper lobe orifice. Although
lipiodol X-rays show no bronchiectasis it will be seen
from the photograph of the specimen that there are
present early bronchiectatic changes (Fig. 127 page667 ).

The tumour had reached such a size that there was only
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a thin layer of the middle lobe left surrounding the
tumour. 1his case 1s a good illustration of the
impossibllity of completely removing the tumour by
bronchoscopy; even if it had been possible to do so,
only grossly diseased lung tissue would have been left
behind, tissue which could never have regained any
useful function.

In Case Nos. 88, 39, 44 and 45 (page 651, 641, 688
& 696 ) the tumours were examples of intrabronchial
adenoma having little if any extrabronchial extension.
Of these two had narrow pedicles of attachment to
the bronchial wall and in one it was possible to remove
the tumour through the bronchoscope (Case No. 44,
page 688 ). All of these cases illustrate the damage
that accrues from partial or complete blockage of the
bronchus by the tumour, all showed varying degrees of
bronchiectasis, the most marked being Case No. 88,
(Fig. 11%). ‘'he changes were sufficiently marked in
all to require the removal of the affected lung tissue
by lobectomy or pneumonectomy. ‘I'he two polypoidal
examples with broad bases of attachment to the bronchial
wall were both subjects of errors in diagnosis. Case
No. 38 (page 631) was incorrectly diagnosed as an oat-

celled carcinoma from the tissue removed at



150

bronchoscopy but correctly diagnosed from the post-
operative tissue; Case No. 45 (page 696 ) was
originally diagnosed as an oat-celled carcinoma until
three and a half years later doubts were raised by the
receipt of a report from Perth Royal Infirmary stating
that she was well. On reviewing the specimen and the
histology I found that the tumour had been an adenoma.
Fig. 145 (page 701 ) showing the gross specimen should
clearly raise doubts in the expert's mind that this
could have been a carcinoma, the polypoidal nature of
the tumour andAthe absence of invasion beyond the
bronchus wall are quite contrary to the usual appearance
_of carcinoma. - Had further evidence been required it
was to be found in the history of breathlessness for 20
years accompanied by a ticklish cough for the last 6 years

of this period.

Histology.

The common histological picture shows closely
packed cuboidal or columnar cells one or more layers in
depth surrounding a central space of varying size. The
cell nuclei are round or oval and either show dense
nuclear chromatin or are vesicular and have small dense
nucleoli; characteristic of each specimen was the

uniformity of the cells (Case No. 41 Dpage 668 ).
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liltotlc figures are rarely seen. The pattern in
the tumours presented here is of a more solid nature
frequently with solid acini but in others the cells may
be grouped more erratically in sheets, cords or columns
with little, if any, tendency to the formation of
intercellular spaces, but the arrangement is still
regular in that there is no evidence of "unruly" growth
(Case No. 41 page 668). The stroma may be abundant
end is richly supplied with capillaries (Case No. 40
page 657). The tumour is covered by the normal
ciliated columnar epithelium of the bronchus and is
separated from it by a layer of connective tissue
(Case No. 44 page 695). Sometimes ulceration of this
epithelium occurs with consequent interruption of this
lining; and if the infection persists squamous metaplasia
may occur.

There was no evidence of metastases to lymph nodes
or to other sites. The only feature of danger occurred
in Case No. 40 (page 649) which was looked on as showing
commencing invasion in a tumour of long standing. In
one area the tumour was seen reaching up to a bronchus
the basement membrane of which was ruptured. Several
cases have been revorted in the literature in which

malignant invasion. of a bronchus has occurred and in
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some there has been invasion of lymph glands.

Clinical Aspects.

Unlike carcinoma of lung, adenoma occurs much more
frequently in women than in men, the incidence in this
series was 8:1. The age distribution in adenoma is
usually below 40 and often between 20 and 30.

Sanders & Kingsley (1948) reported a case aged 13.

In carcinoma, on the contrary, it is most commonly over
40.  The age incidence here 1s higher than usual the
average age 1s 44, the oldest being a female of 59.

A further distinguishing feature from carcinoma is the
unusually long duration of symptoms along with the
maintenance of comparatively good health, (Case No. 40
page 649).

Because the adenoma projects into a moderate to
large size bronchus cough 1s the most frequent symptom.
It may be dry and unproductive or be accompanied by
frothy mucoid sputum. Haemoptysis in recurring
episodes is nearly as common a symptom as cough. It
may occur as periodic simple streaking of the sputuﬁ
or it may be quite profuse in character and sufficiently
exsanguinating to cause unconsciousness (Case Lio. 40

page 649). Haemoptysis was present in 7 of these cases;
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it occurs at varying intervals and quite frequently
nonths and even years may elapse between the attacks.

Other symptoms assoclated with adenoma arise as a
result of obstruction to the bronchus in which the tumour
lies. Thus complete occlusion of the bronchus will
lead to atelectasis of a segment or of the entire lobe
and this gives rise to dyspnoea varying in proportion
to the amount of lung tissue involved. The x-rays of
Case No. 40 (page 654) show segmental collapse
involving the middle segment of the right lower lobe,
while Case Nos. 41 and 39 (page 664, 646 ) are examples
respectively of middle and lower lobe collapse.
Atelectasis and bronchial obstruction msy cause pain in
the chest and if infection is superadded fever will
occur and the finding on examination of consolidation
leads to an erroneous diagnosis of pneumonia; if this
incident is repeated, the case is then thought to be
one of recurring pneumonia. In time the atelectatic
lobe may become grossly infected and all the symptoms
of bronchiectasis are superadded.

L-ray examination may show a shadow usually near
the root of one lung, with distal to the shadow,
atelectasis of a segment or lobe of the lung (Case No.
41, page 664). This shadow is usually circumscribed

and well defined but it may be partially or completely
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obscured by the area of atelectatic lung (Case No. 40
page 654). Lipiodol instillations may be of help in
outlining a blocked segment of the bronchial tree.
This is particularly well seen in Case Nos. 40, 41 and
42, (page 654, 664, 675 ).

Final and conclusive dlagnosis can be made only
on bronchoscopy when the tumour is seen.  If the
tumour has a narrow pedicle it will be freely movable.
Vhen biopsy is taken the tumour cuts crisply and may
bleed freely owing to its abundant vascular supply.
Biopsy tissue taken at bronchoscopy requires
interpretation by an experienced pathologist for not
only is the tissue minute but the cells may be
distorted into an uneven and irregular appearance by
the pressure of the biopsy forcens giving a picture
resembling oat-cell carcinoma rather than adenoma.
Indeed in three of the cases tnis was the diagnosis
given from the bronchoscopic tissue; in Case No. 44
(page 688 a further pre-operative bronchoscopy
established the correct diagnosis; in Case No. 38
(page 631 ) the diagnosis was corrected on examination
of the post-operative specimen; but in Case No. 45
(page 696 ) it was not until 4 years after pneumonectomy
that a further review of the histology proved 1t to be

an adenoma, and in Case No. 46 (page 703) review after
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five years corrected the diagnosis. In the other 5
cases the correct diagnosis was reached. In 86
consecutive cases at the Mayo Clinic, loersch & licDonald
(1950) saw the adenoma on bronchoscopy in 78 and in these
a positive biopsy was obtained in 96%. In view of the
difficult interpretation of the histology it is as well

to warn the pathologist that an adenoms is suspected.

Differential Diagnosis.

The condition most likely to cause confusion is
bronchial carcinoma. ‘The long history without marked
deterioration of the patient's general health; the
comparatively early age at which adenoma usually occurs
and the characteristic bronchoscopic findings should
all favour the diagnosis of adenoma. In the
differential diagnosis one has to consider such
conditions as "recurring'" or "unresolved" pneumonia,

a lung abscess as yet unruptured into a bronchus giving
on x-ray a solid spherical shadow, usually however more
peripherally situated than an adenoma (Case No. 111,
page 1233).  In short, the conditions are very similar
to those requiring consideration in the differential

diagnosis of carcinoma.
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Ireatment.

Of the 9 adenoma treated surgically, one was
successfully removed through the bronchoscope but
subsequently required lobectomy to remove diseased
lung tissue. ‘Three others were adequately dealt with
by lobectomy and two required removal of both middle
and lower lobes. The remaining three cases required
pneumonectomy but in two an erroneous diagnosis of
oat-cell carcinoma had been made.  Lobectomy might
have been sufficient in the light of the correct
diagnosis and in reference to the specimens (Case los.
38 and 45, page 639 and 701 ). Eight of these
cases are alive and well, the longest survival is 10
years and refers to the oldest patient, a woman who was
59 years of age at the time of the operation (Case No.38,
page 631). One died of breast cancer five years later.

The diagnosis apart pre-operative bronchoscopy
is of great value. It finds the exact location of
the tumour and if a large part of the obstructing
tumour is removed drainage from the obstructed lobe
will be established and any acute pulmonary suppuration
will subside before operation.

The line of treatment adopted will depend on the

age and general condition of the patient.  Radical
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treatment by surgery is the generally accepted method
of choice but in an elderly patient or in one of poor
general condition all that may be attempted may be
simple removal by bronchoscopy of the intrabronchial
projection of the tumour. In a healthy patient this
method of treatment would seem to be permissible only
rarely where the adenoma is entirely intrabronchial,
has a narrow pedicle and there is no evidence of distal
bronchiectasis. If this method is adopted the patient
must thereafter be bronchoscoped at regular intervals
for years. Initially, a repeat bronchoscopy would be
carried out in one month's time and if no recurrence
was seen at increasing intervals up to six months or
one year. If this precaution is not taken and the
undeniable risk of recurrence is ignored the patient
will be in danger of developing unsuspectingly an

ever enlarging tumour which may well lead to the
development of atelectasls and bronchiectasis or may
undergo malignant invasion. The necessity for these
repeated examinations is well illustrated by a case of
Clagett & Payne (1946). A man of 35 years had an
adenoma removed endoscopically from the right lower
lobe bronchus. ‘Lwo years later he reported well; he

was x-rayed and no recurrence was Seen. A further
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& years elapsed when he reported with a cough and sputum
and a recurrence of the tumour was found. He refused
lobectomy and it was again removed through the
bronchoscope and radon seeds were implanted. He
remained well for a further 5 years when the cough
recurred and he developed haemoptysis. He was again
bronchoscoped and the right stem bronchus was found to
be obstructed by tumour tissue and there was
bronchiectasis of the middle and lower lobes. On this
occasion the right middle and lower lobes were removed
and showed marked bronchiectasis, pneumonitis and
fibrosis. the adenoma was 3 x 2.5 cm. in size and
almost entirely extrabronchial.

In the vast majority of cases more radical surgical
measures are required. As the obstructing factor will
have been present in greater or less degree for many
years, the bronchiectasis usually present is unlikely
to be reversible, indeed many of the lobes removed
have shown areas of well marked fibrosis which would
render impossible the re-establishment of useful function.
As a result it is nearly always desirable to remove the
adenoma and the affected area of lung distal to the
tumour. Usually this can be effected by lobectomy but

on occaslons the tumour may be so placed as to
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necessitate pneumonectomy (Case No. 42 page 669).

If the biopsy tissue 1s reported as belonging to one
of the more malignant groups of adenoma, particularly
a cylindroma, pneumonectomy is the only treatment
likely to save the patient (Van Hazel, Hollinger &
Jensik 1949).

A good recovery from a successful radical
surgical procedure for adenoma usually implies
freedom from recurrence or further trouble as the
result of the tumour.

In the Massachusetts General Hospital series
Harrington et al (1948) reported 88% of adenoma cases
alive and well from 3 - 5 years after surgical removal.
If the adenoma is of the cylindroma group the prognosis
on account of the development of recurrence is much
less favourable, being reduced by 50%.

It is as well to remember to bronchoscope the
patient at the end of the operation as not only blood
and pus may have escaped into the healthy lung but
portions of adenoma may have broken off and passed
over the carina into the other bronchus. Clagett &
Payne (1946) in one case removed from the healthy

bronchus a portion of adenoma 2 x 0.5 cm.
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Conclusion.

At one time adenoma of the bronchus was looked
upon as an extreme rarity, indeed Dick (1950) was
unable to find an example of this type of tumour in
the post-mortem records of three large Glasgow
teaching hospitals, and yet here in one surgical
thoracic unit are nine proven cases occurring in
the space of ten years. Dick (1950) reports
eleven personal cases including the nine here
described. It seems that advances in radiography
end the advent of bronchoscopy and latterly surgical
exploration will bring en ever increasing number of
adenoma tumours to light.

In former years it 1s probable that these cases
either died at home under the mistaken diagnosis of
unresolved pneumonia or carcinoma or that they died
in sanatoria erroneously diagnosed as cases of

tuberculosis.
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Pulmonary Adenomatosis.

In my series, there was one case of pulmonary
adenomatosis, reported in the British Journal of Surgery
(1953) by H.E. Hutchison and myself. A woman of 36,
six months prior to admission to the thoracic unit, had
begun to feel tired and to lack energy and after three
weeks she developed a shivering attack during which a
bout of coughing produced much frothy sputu. She went
to bed and for four weeks suffered continuously from fever,
pain in the right lower chest on deep breathing and a cough
accompanied by white frothy sputum. In spite of treatment
she made only a partial recovery from this illness, the
cough, spit and chest paln persisting. She was admitted
to the I.D. Hospital, Dumbarton, and six weeks later she was
transferred to the thoracic unit, at which time she was
producing two to three cupfuls of white frothy sputum daily
(18-20 oz.) - the sputum "welled" up quite freely all day.
There was limitation of movement, impairment to percussion,
bronchial breath sounds and many fine crepitations over the
right lower lobe, but neither cyanosis nor finger clubbing.
Bronchoscopic examination revealed a normal bronchial tree
apart from the continuous escape of clear mucus from the
bronchus to the apex of the right lower lobe. At

operation the right lower lobe felt like a carneous mass,
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while freeing the lobe from the chest wall to which it
was adherent this mass was torn into and resembled friable
placental tissue. ‘he medial segment of the middle lobe
was also found to be replaced by the same fleshy tissue.
Only a lower lobectomy was performed as the diagnosis of
pulmonary adenomatosis was not suspected and as it was
thought to be an unusual type of tuberculous infection.
fixamination of the lobe revealed many areas of variable
size showing greyish white consolidation due to pulmbnary
adenomatosis. She had a stormy convalescence and
developed bilateral deep vein thrombosis of her legs.
After ten weeks convalescence she was well enough to be
discharged home. When she reported three weeks later
she was obviously unwell. X-ray examination now showed
many areas of opacity in the right upper lobe and a
similar appearance was seen in the lower two thirds of
the left lung - in addition the left lower lobe showed
patchy consolidation. She died at home three months
later.
Historical.

Within recent years pulmonary adenomatosis has come
into ever increasing prominence. In this condition the
alveoli are lined by tall columnar cells which secrete

mucous which may be scanty or abundant. In different
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cases the cells themselves will range from regularity
in size, shape and smallness of nuclei to complete
irregularity in size, shape and nuclei. Cases with
the regular type of cell have been described as
pulmonary adenomatosis whereas the cases showing gross
cell irregularity have been called alveolar cell
carcinomata of lung.

The first mention of this condition was made by
lalassez in 1876 when he described the first case of
alveolar cell carcinoma of the localised nodular type.
lusser in 1905 recorded the first case of diffuse type
of alveolar cell carcinoma in which both lungs were
involved over widespread areas by confluent tumour.

In 1907 Helly reported a case which he described as
pulmonary adenomatosis.

The etiology and pathogenesis of pulmonary
adenomatosis is discussed in the joint articie published
in the British Journal of Surgery (1953) by Hutchison
and myself, a reprint of which is included at the end of
the thesis.

Gross Pathology.

It has been customary to speak of two types of
alveolar cell tumour - the multiple nodular type and

the diffuse. It would seem, however, that there is
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considerable justification for agreeing with Good et al
(1950) who suggest thet the one is merely an early stage
of the other, the diffuse type appearing when the
multiple nodules have become so multiplied and numerous
that they become confluent. In the case of Alexander
and Foo Chu (1947) the right lung was the seat of diffuse
alveolar cell tumour while the left lung had one solitary
nodule in the lower lobe.

The area of lung involved, be it a segment or an
entire lobe, 1s solid and heavier than normal. If the
diagnosis of alveolar cell tumour has not been entertained
before operation or post mortem the appecarances may be
diagnosed as the hepatisation stage of pneumonia and only
when the tissue is seen under the microscope is the
correct diagnosis appreciated. This happened in the
cases of Bonne (1939) and Hoyle and Dacie (1943). 1In
Case No. 47 (page 710) the correct diagnosis was not in
mind and the pinkish grey round nodules seen in the
pleural surface of the specimen reminded one of placental
tissue.

Fig. No.152 (page 720) shows part of the external
aspect of the lobe; while several adhesions can be seen

these give no true indication of their density at several

areas notably to the diaphragm; the freeing of the
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adhesions on this aspect caused tearing of the lobe.

Some cases have no pleural adhesions. Fig. No. 152,
(page 720 clearly shows the intact state of the pleura,
the nodules of tumour tissue seem to bulge out from the
lung and push the pleura before them. Fig. No. 153,
(page 721) shows the cut surface of the speciumen. ‘The
lobulated nature of the growth is striking. In the
inferior aspect of the lobe the tumour nodules have
coalesced, in the superior and peripheral aspect,
however, the tumour nodules are well seen and vary in
size from some about 1 cm. in diameter through infinite
gradations to others so small as to be scarcely
discernible by the unaided eye.

If untreasted the tumour gradually extends through
the remainder of one lung and across into the other.
This spread of growth is inevitable. Case No. 47,
(page 710) had at least two lobes invaded at the time
of operation; by the time she died all lobes were
involved. Good et al (1949) found more than one lobe
involved in 6 out of their 12 cases; in 5 of these the
disease was bilateral. ‘[here were 6 surgical specimens;
in one of these a nodule developed in the opposite lung
seven months after operation. Of the 14 cases not

included in the series reported by Swan (1949) 9 were
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bilateral and 5 were unilateral.

Neubuerger and Geever (1942) in a review of the
cases up to 1942, found that 50% of the cases had
metastases, 256 of these were in hilar and bronchial
lymph nodes but 25% had distant metastases. Swan
(1949) in a review of cases since 1942 found that 15
out of the 27 had metastases. Of the cases reported
in sufficient detail by Paul and Ritchie (1948) (not
included by Swan), Laipply and Fisher (1949) and
McCallum (1949), 4 out of 14 had metastases, 5 of which
included distant metastases, 2 had involvement of
cervical glands, 1 had spread to the adrenal and 1 in
addition had a paraplegla. Of the 12 cases reported
by Good et al (1950) only 2 had metastases, 1 being to
the liver and adrenal. This great decrease 1in
metastases is explained by the authors' awareness of
the disease and also because they operated on any lung
shadow, the diagnosis of which could not be made Dby
clinical or ancillary measures. In 114 cases they were

rewarded with 656 of carcinoma resection.

Pathological Histology.
Fig. No. 185 (page 722 ) shows the histological

appearances seen in the upper and peripheral areas of
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the lobe. Here the essentially nodular character

of the growth is well shown. Small nodules of tumour
lie among lung alveoli which are little altered. Figs.
No. 154 and 156  (page 722 and 725 ) are illustrations
taken from the more solid basal portion of the lobe;
here the alveolar pattern is largely lost but the inter-
lobar septa are still preserved and the pleura remains
uninvaded. The striking feature of the tumour is its
papillary structure. the tumour cells are cublcal or
low columnar and are regular in arrangement.  ‘lhey are
in a single layer, non-clliated and some are mucin
secreting. The cells are regular in size. The nuclel
lie centrally and no mitotic figures are seen.

Although no cilia were seen in Case No.47 (page710)
cilia do occur in pulmonary adenomatosis. .In many cases
there is the formation of mucin both within the cell and
also in what remains of the alveolar spaces. lucin
production may be abundant and may spill from one
alveolus to another and eventually reach alveoll as yet
unlined by tumour tissue. If mucin secretion is a
feature, droplets of basophilic sscretion are seen near
the free margin and are positive with mucicarmine stain
and P.A.S. reagents. 'he alveolar walls are regular,

contain capillaries and elastic tissue and are intact.
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Indeed, Good et al (1949) believe it essential for the
unequivocal diagnosis of alveolar cell tumour that the
‘alveolar septa be normal or only slightly thickened,

if at all, and show little evidence of inflammation.

A few cases, notably that of Hoyle & Dacie (1943) have
shown invasion of the pleura by carcinomatous tumour
tissue. As in many malignant tumours the histological
picture varies from case to case and in different areas
of the same tumour. Good et al (1949) have graded their
cases according to the conventions of Broder and suggest
that Grade 1 and 2 correspond to pulmonary adenomatosis
and 3 and 4 to alveolar cell carcinoma. °© All their
cases in Grade 1 and 2 were surgical, but 4 out of 6 in
Grades 3 and 4 came to autopsy, two of these were in
Grade 4 and both had distant metastases. One of the
cases of Laipply & Fisher (1949) showed mainly
adenomatosis with focal invasion of cancer in one lobe.
Paul & Ritchie (1946) report four cases in which some
areas showed pulmonary adenomatosis and others showed

squamous cell carcinoma.

Frequency.
Neubuerger & Geever (1942) reviewed 25 cases of

alveolar cell tumour including two of their own autopsy
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cases. Swan (1949) found 26 cases in the literature
published since 1942 and added a further case (which

had been omitted by Neubuerger & Geever) in addition

to 9 cases of his own, bringing the total to 61. oswan
appears to have omitted 5 cases by Paul & ritchie (1946).
Drymalski et al (1948) reported 3 cases, Jennings (1948)
2 cases, Laipply & Fisher (1949) 2 cases, lcCallunm

(1949) one case, and Good et al (1950) added 12 cases
from the Mayo Clinic.

Lhe total now stands at 88 cases with the publication
of 2 further examples by Kent.  Undoubtedly the number of
cases 1ls greater than 88, for investigation of those
reported frequently reveals that they were origilnally
classed as bronchial carcinoma of unusual type. It is
therefore reasonable to assume that other examples‘are
filed under the heading of adeno-carcinoma of lung.

the incidence of these tumours is difficult to
assess as many large hospitals have never recorded a
case. Swan (1949) "screened" 900 pulmonary neoplasms
at the Army Institute of Pathology and found 9 cases.
Neubuerger & Geever put the figure at no more than Hb
of new growths of lung. Prior to 1943 only & of the
reported cases had been treated surgically, but with

wider recognition of the condition and in recent years
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with the more active measures used in the treatment
of doubtful lung shadows increasing numbers are being
reported; as many as 8 cases have been treated
surgically at the liayo Clinic (Good et al, 1950).
Seven of these cases occurred in a series of 275

resections of lung for neoplasm.

sex and Age Incidence.

Neubuerger & Geever (1942) and Kent (1951) give
the sex incidence as 1:1. Good et al (1950) found the
incidence in their 12 cases to be 7 females to 5 males,
and Swan (1949)  found a similar incidence.  ‘This makes
an interesting comparison with bronchial carcinoma in
which males predominate in different series in a
proportion varying from 5:1 to 10:1 and corresponds
more to the sex relationship found in bronchial adenouna.
The age incidence is between 40 - 70, although the
youngest reported case according to Kent (1951) was 17
and the oldest was 89. Paul & xitchie (1946) had a
case aged 76, while laft & Nickerson (1944) had one of

79. ‘the patient in my series of cases was 306.

Clinical Picture.

Iy patient had been ill for six months prior to

admission to the thoracic unit. In other cases the
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duration of symptoms has varied from 6 months to 2 years,
though from reading the account of the case reported by
Alexander & Foo Chu (1947) it would seem that the history
might have extended over five years with latterly two
attacks of pneumonia a year apart, the second attack
being terminal. One or more attacks of pneumonia or
patchy pneumonia are a freguent occurrence during the
course of the disease.

In many of the cases, though not in all, the most
striking feature is the abundant clear sputum produced,
the reason for which is obvious when the histology is
examined for a tremendous amount of mucin is produced
by the cells lining the alveoli.  Haemoptysis 1s not
characteristic but does occur in about one third of the
cases. It was absent in Case No. 47 (page 710 ).

On examination one nay find patchy consolidation
localised to one lobe or lung, complete lobe consolidation
or physical signs consistent with bilateral broncho-
pneumonia.

X~-ray examination in the early case will show
patchy areas of consolidation seen as small poorly
defined shadows. Later with increase in extent the
appearance becomes one of pneumonitis or of atypical

pneumonia. More and more of a lobe becomes involved
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as the disease progresses; this is followed by other
centres in the adjecent lobe or in the other lung.

In Case No. 47 (page 712) the bronchoscopist saw
mucoid fluld pouring continuously from the bronchus to
the apex of the lower lobe but frequentiy bronchoscopic
examination shows no abnormality, which is not surprising
in view of the tumour being alveolar in site. Good et
al (1949) had ten bronchoscopies in twelve cases, in
only three of these was there any abnormality and none
showed ulceration.

Despite the absence of positive findings by
bronchoscopy it is a very valuable procedure, not only
does it tend to rule out carcinoma but it provides an
opportunity for cytological examination of the bronchial
secretion. Good et al (1950) had six of their cases
examined for sputum cytology in four the examination was
positive; in one of the four the diagnosis was made from
fluid obtained at bronchoscopy. All four were diagnosed
as containing cancer cells, two of these were thought to
be of alveolar-cell type.

Reviewing the histology at a later date they felt
that a fifth case could have been diagnosed from the
sputum. In expert hands this is obviously a very

valuable ahoillary investigation.
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Because many of these cases have occurred between
40 - 60 years of age it is not surprising that they
have been dlagnosed as primary carcinoma of lung when
the X-ray examination reveals a single area of opacity,
and secondary carcinoma when the opacities are numerous
and diffuse. In others indefinite pneumonitis has
frequently been diagnosed. In Case No. 47 (page 710)
the complete opacity of the lowsr lobe and the abundant
sputum suggested the presence of some kind of mildly
infected cyst but the diagnosis was in doubt. Good
et al (1950) made a pre-operative correct diagnosis in
2 cases, while Paul & Ritchie (1946) diagnosed one.
McCallum (1949) in his case arrived at the correct
diagnosis having recently read a paper on the subject;
it is in this "awareness" of the condition that rests
the only possibility of correctly diagnosing pulmonary

adenomatosis.

Lreatment.
lhe only effective treatment is surgical resection
of the affected lung and this demands that the case be
diagnosed sufficiently early to enable one to resect
all lung tissue seen to be involved; the prognosis by

then is by no means hopeless. Since the more malignant
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cases or those seen only late are usually bilateral

and therefore not aumenable to surgery, success in
treatment demands early resection and this is possible
only in those of less malignant type and therefore more
likely to be free of hilar secondaries.

Of twelve cases reported in the literature treated
surgically, four by pneumonectomy and eight by lobectomy,
three of the latter were alive and well from six months
to two years; one could not be traced, one developed a
spread to the opposite lung and three died from five days
to two years after the operation. One pneumonectomy is
alive and well and one developed a recurrence in the
opposite lung; two died, one after six months wihout
evidence of recurrence. As one would expect from
the inadequate resection of tissue carried out in Case
No. 47 (page710), the disease progressed and she died

six months after her operation.
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The Stiology of Cancer of the Lung.

The explanation for the great increase in recent
years in the incidence of cancer of the lung has caused
much discussion and speculation. In the early years of

this century primary neoplasms of the lung were among

the rarest forms of carcinoma.

This increase 1s exemplified in the post-mortem
figures for primary malignant disease (excluding
Hodgkin, myelomatosis and leukaemia but including
reticulo-sarcoma and lympho-sarcoma) at the Western
Infirmary, Glasgow. The average percentage of primary
carcinoma of lung for the five year period up to and
including 1926 was 8.7% (stomach 23.4%) and for the five
year period up to and including 1949 was 24.3% (stomach
15.1%). |

Ariel et al (1950) found in Illinois that whereas
~1n 1931 the percentage of cancer of the lung to all
other cancers was 2.1%, in 1946 the percentage had risen
steeply to 11.7%, yet cancer of the stomach had remained
constant at 5.56. In England and Wales, Doll & Hill
(1950) found the death rate from this disease in 1922
had increased fifteen times by 1947; they also noted
an increase of the disease in Switzerland, Denmark,

Canada and Australia.
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Undoubtedly, as Smithers (1953) has pointed out,
in some measure the increase 1s accounted for by
improved methods of diagnosis, including improved
radiology and bronchoscopy, and by a better
understanding of the pathology of hilar lung tumours
which present rather as mediastinal growths than
pulmonary ones - the condition formerly referred to
as mediastinal sarcoma or oat-cell tumour which was in
fact mediastinal secondary involvement of lymph glands
from a primary oat-cell or spindle-cell bronchial
carcinoma. The increase may also be explained in part
by the fact that there is a much larger group of old
people living today who because of their age are more
likely to develop cancer. But the increase has been so
enormous that these factors in themselves cannot alone
be held responsible.

Two main causes have been suggested for this
increase -

(1) a general atmospheric pollution from domestic smoke,
the exhaust fumes of motor cars, dust thrown up
from tarred roads, etc. and

(2) the smoking of tobacco.

From both of these the inhalation of carcinogenic

agents is implied. Proof of this is difficult and

the proof must of necessity be pieced together over a

period of several decades and not in a matter of a few
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years.  If carcinogenic agencies are at work one

must believe with Cramer (1938) that "all carcinogenic
agents have this in common: that they induce cancer
only after a lapse of time occupying a considerable
fraction of the normsl span of life; and, furthermore,
that this period of induction is much more prolonged
with a weak carcinogenic agent than with a very active
one". He continues "cancer does not appear as a bolt
from the blue in a heélthy tissue, but that as a result
of this prolonged action of a carcinogenic agent the
tissue or organ on which it acts undergoes pathological
changes before cancer develops'.

Unfortunately, in this series of 55 cases there are
insufficient data on which to found any decision as to
the etiological factors at work, many of the cases date
back to earlier years when the influence of smoking on
the etiology had not been thought of; in consequence,
no attempt had been made to take account of that aspect
of theilr history.

Apart from those occupations in which there is
clear statistical evidence of some increased liability
to lung cancer the figures put forward in support
certainly suggest very strongly that smoking has a
definite carcinogenic influence (Wynder & Graham,

1950; Doll & Hill, 1950; Dungal, 1950).
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The whole problem of the incidence and etiology
of carcinoma of the lung in relation to occupational
risks and to the possible influence of swoking has been
fully and ably reviewed by Doll (1955) in the Milroy
Lectures and it is unnecessary to recapitulate his
arguments and statistics here. It is no doubt
significant that the great tobacco companies have been
unable seriously to dispute the conclusions reached
that cigarette smoke is in some way, as yet not clearly
defined, associated with the increased incidence of
lung cancer.

One must, however, report that the association
between the increased incidence of cancer of the lung
and smoking has not always been found a significant
feature in large series of published cases (Ariel et
al 1950; Ochsner et al 1947; Fried 1948).

No mention of the effect of smoking and smoke
would be complete without reference to the work of
Stocks (1947 & 1952) who stated that the risk of dying
from lung cancer in any area is closely related to the
number of domestic chimneys in that area. He points
out that the areas of Shoreditch, Bethnal Green,
Finsbury and Stepney are the sites of highest lung

cancer mortality and believes that this 1s due to
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the fact that these areas lie in the path over which
the prevailing wind sweeps the smoke from London's
congested centre. Lvidence pointing in the same

direction has been drawn by Laylor & Waterhouse (1950).

Carcinoma and Tuberculosis.

In this series of cases no association between
tuberculosis and carcinoma of the lung was found, in
none of the 55 specimens was there any evidence of
active tuberculosis. It must be remembered, however,
that the prime object in these 55 specimens was to
obtain as accurate as possible localisation of the
tumour and no attempt to search by serial sections for
evidence of minimal tuberculous lesions was made. To
have done this would have spoilt the main purpose of

the specimens.

Carcinoma and Pneumoconiosis.

Silicosis while usually complicated by tuberculosis
does, in a proportion of cases, bring about the
development of bronchogenic carcinoma. In this series
there was one bronchogenic carcinoma in a stone mason
(Case No. 48 page 725) and one in a man whose
occupation as a pipe coverer laid him open to asbestosis

(Case No. 49 page 735) but neither showed evidence of

pneumoconiosis per se.
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Occupation.
No particular occupational proneness was

apparent in this series; there were four miners

and five engineers, four of whom were likely to be
working in oily surroundings. The inhalation of

dust was an occupational hazard in 12 cases: the
four miners previously mentloned, two riveters,

two drillers, one stone mason and three other workers.
Wiklund (1951) found no relationship between dust
inhalation and carcinoma of the bronchus. On the
other hand, in those cases in which the occupation
was stated 9 or 16% had been accustomed to office

work. There were two doctors and one dentist in

the series.
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Age and Sex.

Lthe average age of the 55 cases was 50 years.
The youngest was 37 and the oldest was 65. It must
be remembered that these were cases which were
successfully resected and hence the average age of all
patients with cancer of the lung would probably be
considerably below &50. If the rapidly growing
undifferentiated and oat-cell tumour cases which were
denied operation were inoluded they would bring in a
considerable number of cases into the younger age groups
and thus the average age would be considerably reduced.

Il 'Pable to show Age Incidence of
Lung Cancers successfully resected.

Age Group 30-39 | 40-49 | 50-59 | 60-65 | Total

No. of Cases| 5 20 27 5] 55

There was for a tims a tendency to turn down as
unsuitable for operation patients in their 20's or eafly
30's, particularly as these cases usually had an oat-
celled tumour. In the same way patients over 60 were
assessed with additional circumspection and were
subjected to operation only if they were in particularly

good condition.
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Sex Incidence.

There were £1 males and 4 females, an incidence
of rather more than 12:1, similar to that of Price
Thomas (1951). The post-mortem figures at the
Western Infirmary, Glasgow for the years 1922 to
1948 inclusive show a preponderance of males over
females of just under 3:1 (the figures are 187:64).
Brooks et al (1951) found the sex incidence in 308
confirmed cases to be 9:1, a figure conforming

closely to that of Mason (1949).
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Pathology of 55 Resected Cages.

the following paragraphs deal only with lung
carcinomata which 1t had been possible to resect, and
this mode of selection undoubtedly influences the
numerical distribution in the various sites. The right
lung was responsible for 29 and the left lung for 286.
This conforms to the incidence reported by many writers.
Ochsner et al (1947) found the right more often involved
than other writers, the incidence being 76:53. Halpert
(1940) found the incidence 49 in the right lung and 38
in the 1eft; while lason (1949) found the discrepancy
even less - 52.%% in the right lung. Willis (1948)
found 45 in the right lung and 36 in the left. It is
generally agreed that the predominance of right-sided
tumours over left-sided ones is due to the larger
surface of the right Iung (Ochsner et al, 1947).

In many specimens it was not possible to define
the exact origin but in those in which this was possible
it was found that the apical bronchus was the site of
origin on the left side in 2 and on the right in é. In
the lower lobes the apical segment was involved in & |
instances on each side. On the right side, out of 20
tumours in the lower lobe, the posterior division was
involved in 4 instances. he lingula was the site of

origin in 2.
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Table No.,IIT to show the Distribution
of Tumours in the various lung lobes.

Left Lung right Lung ‘Total
Upper lobe 14 8 22
Lower lobe 9 20 29
right
| middle lobe 1 1
Stem 153 s}
Total 26 29 55

My figures are too small to be statistically
significant although the difference between upper and
lower lobe corresponds closely to the 58% for lower
and the 42%% for upper reported by Borrie‘(1952). He
found the left lower lobe predominated over the right
by 61:55; his figures in the upper lobes were 55 left
and 26 right.

No doubt this preponderance of the left upper lobe
over the right is explained, in part at least, in the
extra length that the left stem bronchus possesses
before giving origin to the upper lobe bronchus thus
making possible resection of left upper lobe tumours
encroaching on the stem bronchus more feasible. A
tumour seen projecting into the right stem bronchus from

its upper lobe branch is unlikely to prove resectable
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and may even be turned down at bronchoscopy; on the
left side, however, the hope of resection is still a
real possibility as sufficient length of left main
bronchus may well be free of tumour to allow of
pneumonectomy. |

In regard to the specimens themselves:- After
removal they were preserved as soon as possible and
were generally placed in 10% formalin within two to
three hours. The specimen was first washed with
saline and all mucus and blood was cleared out of the
bronchus. Because of the difficulty in maintaining
the shape of the lung in specimens which I personally
preserved, 1t was my custom to inject the bronchial
tree and the main vessels with the preservative and
then to tie off the respective structures while
distension was maintained. ‘‘he lung was pinned out
on cork, covered over with cotton wool and immersed
in a basin containing the preservative. TWhile this
method of pinning the specimen to a flat surface did
nothing to retain the shape of the specimen it at least
had the merit of making most of the specimens roughly
comparable in shape. The specimen was allowed to
harden properly for 7-10 days before being cut. I

found if the specimen was cut in less than 7 days the
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difficulty of maintaining its shape was increased and

as the knife went through the Ilung the tissue tended

to turn over and follow the knife thus causing a
"skidding" cut instead of a clean one. ‘o overcome
this difficulty I cut the specimen from Case No. 50,
(page 741) with a meat slicing machine. In this way

I had hoped to be able to see the exact point of origin
of the tumour from the bronchus and to trace the outward
spread of the tumour. As can be seen from Fig. No. 167,
(page 747 ) this was quite a suitable method of displaying
the site of the tumour, in this case in one slice the
tumour can be seen arising from and blocking the bronchus
to the apex of the lower lobe; several slices deeper
the tumour tissue is seen to surround the bronchus to
the whole lower lobe, Fig. No. 168 (page 748). TWhile
this was a satisfactory method it was obvious that this
was going to prove too unwieldly for my purposes and I
reverted to cutting the specimens with the large knife.
The first cut was taken through the periphery of the
tumour or the pneumonic process if such was present.

This gave some indication of the character of the
specimen and where the next cuts should be made.
Longtitudinal cuts were made in order to maintain the

specimen as whole as possible and where it was to best
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advantage the cut was continued along the length of
the affected bronchus. In order to show the tumour
better the bronchus edges in its vicinity were trimmed
where necessary. 1o obtain a good record of each
specimen the number of cuts made in each was limited.
Few angled or vertical cuts were uéed. It was found
that if the final size of the specimen was reduced by
multiple cuts subsequent difficulty in its orientation
occurred. Once a satisfactory cut was made through
the tumour further fixation was carried out by replacing
the specimen for several days in fresh preservative
fluid. Light cotton wool packing was used to preserve
the shape if there was a cavity in the tumour, an abscess
cavity or if the bronchus lumen was related to the
specimen.  The portion of specimen which faced the one
that was being retained was used for histological blocks.
A rough drawing was made of the original to include
bronchus, tumour glands and vessels (if visible) and the
cut facing it was used as a mirror image from which the
blocks were taken and planned out on the drawing.

In the actual specimens several features were
striking. It was quite astonishing to see to what
size some of the tumours had reached. Eighteen of

the fifty five specimens were more than 5 cm. in
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diameter, while fifteen were more than 6 cm. ‘'he
largest tumour of all occurred in Case No., 51,
(page 762) (one of the hypertrophic pulmonsry osteo-
arthropathy cases), this tumour reached the truly
gigantic proportions of 12 x 7.5 cm. The tumour in
Case No. 52 (page 770) was 10 cm. in diameter and in
Case No. 8% (page 778) 8.5 x 9 cm. |

the shape of the specimens was diverse, some were
cannon ball in appearance both on X-ray and as a
specimen, a feature further illustrated by Case Nos. 51
and 52  (page 762, 770) neither of which was a
secondary tumour. Some tumours seemed to erupt into
the main bronchus and thence to seek the line of least
resistance and continue to grow as a polyp up the
bronchus. Case No. 54 (page 784 ) presented a polyp
within and blocking the stem bronchus, 2.5 cm. high and
1 cem. in width. Fig. No. 183 (page 784 ) shows the
polypoidal tumour projection, while Fig. No. 184 (page785)
shows the polypoidal process turned forward to show the
bronchus that had been completely occluded.  ‘his
blockage produced a quite striking bronchiectasls of
the lower lobe. Case lo. 55 (page 793) produced a
specimen which was dumb-bell shaped, partly intra-

pulmonary and partly intrabronchial; the largest
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portion of the dumb-bell being in the lung subsfance.
The tumour appeared to have burst through the wall of
the bronchus and to have spread in a proximal and distal
direction to an extent of 2.5 cm. and to an elevation of
1.5 cm.  The direct invasion of the bronchial wall in a
proximal direction is here well seen as is the resistance
of its cartilaginous element to the last. The tumour
has insinuated itself bencath the mucosa and the peri-
bronchial fascia, elevating and finally invading both;
a rampart of cartilage, however, can still be seen to
resist the tumour's advance.

A different type of polypoidal growth is to be
seen in the specimen from Case No. 56 (page 803).
Here the polyp stands up within its own necrotic
tumour (if such is possible).  To produce this rather
unusual appearance the tumour centre has become necrotic
and no doubt at the time of the patient's haemoptysis
he coughed up the necrotic tissue, thus leaving a thin
rind of tumour wall % x % cm. thick and a central polyp.
The latter measured 22 cm. high and 1% cm. in width and
was attached at is base to the tumour wall (Fig. No.190,
page 803). A study of X-rays in this case shows how
easily this tumour could have been mistaken for a lung

abscess.
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While the most striking feature presented in many
of the tumours was the large rounded or oval tumour
mass, 1n others it was a tendency to polypoidal growth
within a large bronchus, there were some in which the
outstanding feature was submucosal spread. 'This
occurred in Case Nos. 57, 58, 59, 60, 61 and
62, (page 814, 824, 831, 840, 849, 857)
and was most striking in Case Nos. 58, 59 and 61,
(page 824, 831, 849 ). In some of these it would
seem that the resigtance of the bronchus to invasion
was such as to cause the tumour to grow proximally and
distally alongside 1t instead of invading it.  This is
well seen in Case Nos.59 and 60 (page 831, 840). It
is surprising that a carcinoma under certain conditions
should show such respect for the bronchial wall, one
would expect that if the cartilaginous rings are the
reason for the tumour being prevented from entering the
bronchus that the tumour would at least invade between
these rings as guite freguently happens in the much more
slowly growing adenoma. One wondered if the type of
tumour might hold the explanation for this group of
tumours which show apparently more respect for the
bronchus than do some of the others. No such difference

was found for both epidermoid and undifferentiated



191

histological categories were represented. ‘'lhere

were, in fact, three epidermoids (Case Nos. 55,

57 and 38 page 794,817, 825 ) and five undifferentiated,
including four oat-cell tumours (Case Nos. 59, 60, 61
and 62 page 832, 841, 850, 880 ).

Len of the tumours showed central degeneration
varying from gquite small spaces to cavities several
centimetres in size (Case No. 63 page 867). ‘lhe
10 cases are Case Nos. 61, 56, 62, 63, 64, 65,

66, 67, 68 and 69, (page 762, 803, 858, 867,
875, 881, 888, 896, 904, 912 ). The importance of
bearing in mind that i-ray appearances of lung abscess
- in a middle-aged patient are not necessarily due to an
abscess and commonly are ultimately found to be tumours,
is discussed and stressed under differential diagnosis.
The value of this warning 1s clearly evinced in Case
Nos.56 and 63 (page 803, 867). In both, because the
rind of tumour tissue is so thin, a mistaken diagnosis
of abscess could have been made.

In the same way a true lung abscess may be mistakenly
diagnOsed as the primary cause of illness in a middle-aged
or elderly patient when, in fact, the abscess is simply a
manifestation of graver import, namely a carcinoma

proximally placed in the bronchus. In consequence,
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appearances resembling lung abscess in such a patient
should inevitably and immediately raise the suspicion
of carcinoma in the clinician's mind. ‘the importance
of this statment is amply borne out by a study of Case
Nos. 67, 68, 70 and 71 (page 805, 898, 914, 925 ),
all of whom had a lung abscess distal to a carcinoma;
a particularly good example is Case No. 57 (page 805).
I was asked to see this case in the medical wards of a
teaching hospital where he had been diagnosed as a
chronic lung abscess. Aware of the possibility of an
underlying carcinoma of lung, I suggested bronchoscopy.
An epidermoid carcinoma was found in the lower lobe
bronchus.

Nine specimens (16.3%) showed distinct evidence
of pneumonic change distal to the tumour. The best
examples of these changes occurred in Case Nos. 72
and 73 (page 930, 936 ). Once again in this age group
of patient the danger of misdiagnosing carcinome as
pneumonia must be underlined. Pneumonia of considerable
extent was present in these 16.3% of lungs removed for
carcinoma; it follows therefore that the finding of a
consolidated lobe or part of a lobe on clinical
examination of the middle-aged patient is not always

due to an uncomplicated pneumonia.  Lhe previously
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mentioned Case No. 72 (page 930) had pneumonia on

three and possibly four occasions within three months.
Had the suspicion of carcinoma been entertained
immediately the second attack occurred some ten weeks
would have been saved and a patient with an oat-cell
tumour might have been diagnosed and operated on at

7 or 8 weeks instead of at 12 weeks. If this had

been the course of events she might not have died six
months after operation and still be alive and well
today. Four weeks lost before treatment of an oat-cell
tumour must diminish the chances of successful operation
and subsequent survival. I mention this to stress the
fact that even the best physicians do not always
appreciate the great significance that such a case
history of a laggard or recurring pneumonia may be the
ghost shadow of carcinoma.

Marked examples of bronchiectasis distal to the
tumour occurred in 6 specimens (11%),(Case Nos. 54, 55,
71, 74, 75 and 76,  page 784, 793, 928, 951,
981, 970 ). ‘w'wo of these specimens (Case Nos. 74
& 76 page 951, 970) showed it in addition to pneumonic
changes. The specimen from Case No. 54 (page 784)
is the best example. ‘'he lower lobe is blocked by

carcinoma and this has produced tubular bronchiectasis
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of the distal extent of the lower lobe bronchi.

In four specimens lymph node invasion was
suggested by the macroscopic appearances but
disproved on histological examination; they were
not, in fact, invaded.

Markedly invaded glands are obvious when felt in
situ and when cut across. A difficult problem is,
however, presented by glands in which invasion is
suspected but is doubtful. Frequently one has felt
at operation glands with the features of invasion which
when cut across later show greyish-white areas
resembling neoplasm in their greenish-black texture
and yet when examined histologically they show no
tumour cells. The reversal of this state of affairs
also occurs, but one's impression is that glands only
doubtfully invaded on gross examination are less often
found to be invaded than are normal-looking ones.

While the majority of the specimens show relation-
ship to a stem or subsidiary bronchus a few are
definitely of peripheral type, a typical example
being Case No. 77 (page 979). In this specimen
the tumour lies in the posterior division of the
upper lobe bronchus; no connection with a bronchus

could be demonstrated.
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Other features of interest in the specimens
include the mechanism causing distortion of the main
or of the subsidiary carina. In Case No. 78 (page
987 ) the tumour pushes upwards between the anterior
and middle divisions of the lower lobe bronchi and
in so doing it displaces and broadens the carina
between the two divisions. The specimen from Case lNo.
79, (page 994 ) shows an invaded gland to be considerably
enlarged and to be pushing the carina between the middle
and anterior divisions upwards. It has caused the
origin of the anterior bronchial division to take a more
horizontal course than normal. Lhe specimen in Case No.
80, (Fig. 281 page 1006) on one cut surface shows a
tumour in the vicinity of the stem bronchus to the apex
of the lower lobe and in the next cut the tumour is seen
to arise from this bronchus having blocked it entirely
up to but just short of the stem bronchus. Case No.
48, (page 732) illustrates how the tumour may tightly
encircle and on occasions invade the major pulmonary
vessels. In this instance the tumour tightly encircles
and partly occludes the stem pulmonary artery which can
be seen as a slit immediately above the main bronchus.
Naturally this encirclement of the pulmonary artery 1s

of much less importance to prognosis than encirclement
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of one of the pulmonary veins for any tumour emboli
recleased before or during the operation will be trapped
in the pulmonary bed of the lung removed.

Considerable assistance in diagnosis and assessuent
of future cases 1is to be found in comparing many of the
specimens with the appropriate X-ray. ‘he lateral
X-ray film in Case No. 81 (page 1012) reproduces very
accurately the appearance of the specimen. In it the
tumour can be seen arching over the stem bronchus and
extending upwards into the apex of the lung just as is
apparent in the specimen. Further the inverted
D-shaped invaded gland above and to the right of the
stem bronchus and gbove the upper lobe bronchus can
also be visualised on the X-ray.

In Case No. 82 (page1023) the approach to and
the relationship of the lower lobe bronchus to the
bulk of tumour is well seen in the lateral X-ray film
as a narrow more translucent "corridor" which reaches
the tumour just below its mid-point. ‘'he lateral X-ray
£ilm in Case No. 59 (page 8%0) shows the dense tumour
shadow with immediately below a rather rounded less
dense area with the bronchial '"markings" diverging
dowhwards from it - this lesser shadow probably

corresponds to the invaded gland seen between the
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middle and lower lobe bronchi on the specimen.

the lateral film of Case No. 67 (Fig. 230,
page 895) shows a mirror reflection of the specimen
whose lobulation on its anterior aspect is well
reproduced even to the toe-like projection at its
lower anterior end.

In Case No. 56 (Fig. 189 page 802) the lateral
X-ray film shows the tumour cavity and its contained
polypoidal growth lying just above and in front of the
main bronchus which is seen end on as a clear circle of
air. 1he postero-anterior films also show the
cavitation but fail to reveal the polyp.

In Case No. 63 (Fig.218 page 867 ) the tumour
specimen quite accurately reproduces the appearances
on the postero-anterior film. ‘the bulk of the tumour
is seen on the medial and superior aspect of the tumour
cavity whilst pneumonic and bronchiectatic changes are
visible on the inferior aspect.

Blockage by tumour of the anterior segment of the
upper lobe is seen in Case No. 83 (Fig.291 page 1033).
On the anterior x-ray film the tumour is seen as a
lateral placed shadow towards the middle and lower
aspect of the upper lobe; this area of lung is devoid

of lipiodol because the anterior segment of the bronchus
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is blocked as the specimen shows. The lingular
bronchus 1s partly occluded by downward pressure of
the tumour. In the lateral X-ray film lipiodol
filling occurs in only part of the anterior segment,
in none of the posterior and only faintly in the
lingula.

Fig. 174 (page'761) shows the specimen from Case
No. &l1. In it the massive peripheral type of tumour
is seen lying in the apex of the lower lobe centred on
the bronchus to the apex of the lower lobe. HNo
connection could be demonstrated between the bronchus
and the tumour. As 1s usual the origin of the middle
lobe bronchus can be seen directly opposite the bronchus
to the apex of the lower lobe.  VWhen coumparison is made
between the specimen and the postero-anterior X-ray it
is surprising to see just how far laterally the shadow
nay extend in a tumour within the apex of the lower lobe.
The lateral X-ray film shows the true extent of lower
lobe involvement, and reveals that quite a large part
of the lower lobe is still uninvolved (Fig.l70 page 758 ).
The X-rays in spite of the difference in hardness of the
films reveal quite a considerable increase in size in the
space of twenty-five days even for an undifferentiated

epidermoid growth. Case No.81 (specimen fig. 209




199

page 849 and X-ray Figs. 207 page 847 ) reveals the
position normally seen in a tumour of the bronchus
to the apex of the lower lobe - namely close to the
hilum in the postero-anterior view and completely
posterior and at quite a high level in the lateral.

the specimen from Case No., 84 (page 1041) is an
excellent example of a tumour blocking the stem
bronchus and all its divisions. When one looks at
the penetrated X-ray film (Fig. 29% pagel039) one sees
that the left lung has become largely atelectatic, in
consequence, the trachea is pulled over to the tumour
side and the healthy right bronchus is seen to the left
of the mid-line. Further study of the X-ray films
shows the point of complete blockage of the stem bronchus
about one and a half inches below the carina - an appear-
ance which accurately fits with the findings on the
specimen.

Case No. 80 (Fig. 278 page 1003) further illustrates
the position on X-ray films of a tumour of the bronchus
to the apex of the lower lobe.  Further, it confirms
just how adjacent to the bronchus to the apex of the
lower lobe is the origin of the bronchus to the middle
lobe. As can be seen, they are practically diametrically

opposite ~ a matter of great importance in performing a
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lower lobe lobectomy. It is all too easy to include
the middle lobe bronchus in the bronchus clamp and
having cut the bronchus to realise, too late, that one
has also sacrificed the middle as well as the lower lobe.
On the whole, it has not been the practice at the
thoracic unit to limit resection for carcinoma to
lobectomy, but such resection has its adherents at

the present time.

Ihe specimen from Case No. 77 (Fig.270 page 979)
demonstrates the presence of a peripheral tumour in the
posterior segment of the right upper lobe bronchus. On
the postero-anterior X-ray film it will be seen to lie
in the lateral aspect of the chest and relatively low in
the lung (about its mid-zone). The lateral X-ray film
reproduces falrly accurately the appearances of the
tumour including its rather flat postero-inferior aspect
and the downward pressure of the tumour against the
posterior end of the oblique fissure. The latter is
seen as a downward bulge of the thin oblique white line
which is-the fissure.

he specimen in Case Ho. 72 (Fig.250 page 935)
shows a tumour in the right lower lobe bronchus which
has produced pneumonia and atelectasis of the lobe.

distal to the tumour. ‘he X-ray films show the




201

opacity in the shrunken lobe and the elevation of

diaphragm which has resulted from the atelectasis.
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Histological Features of Resected Carcinoma.

Willis (1948) states that most writers classify
the histology of lung tumours into adenocarcinoma,
squamous-celled carcinoma and undifferentiated carcinoma
but he adds this warning "remember that individual
tumours show various structural combinations and great
pleomorphism is possible in one tumour". In attempting
to fit the histology of these cases into these three
categories, I found his warning very true, indeed in some
instances, e.g. Case No. 83 (page 1034) I found it
difficult to decide whether to classify the tumour as
undifferentiated squamous-celled carcinoma or as an
undifferentiated carcinoma. Because of this difficulty
Willis (1948) preferred to divide his 84 cases into this
more complete category:-

Adenocarcinoma (including acinar, papillary,

mucoid and signet ring) 16

Squamous only 12

Combined squamous and adenocarcinoma 2
Anaplastic (oat, spindle, spheroidal and

pleomorphic5 a7

Combined anaplastic and adenocarcinoma 8

5

Combined angplastic and squamous
Combined anaplastic and squamous and adenocarcinoma &

As the material for this study by Willis (1948) was
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taken from post-mortem cases it is not surprising to
find that anaplastic or undifferentiated tumours alone
or along with recognisably different structures occurred
in 64% as against 36% for glandular alone or in
combination, while squamous-celled carcinoma alone or
combined occurred in only 27%.

In 51 of this series of 55 cases the histology was
availsble for examination. As these were all instances
in which the material was obtained by operative removal
it 1s not surprising to find that wmany more tumours were
well differentiated. ‘The undifferentiated tumours occur
less frequently in this series for two main reasons.
Firstly oat-celled and undifferentiated tumours usually
grow so rapidly that the case is already inoperable by
the time the diagnosis is made; secondly there is a
definite tendency in the thoracic unit to refuse operation
in those in whom the histology of the bronchoscopic biopsy
is reported as oat-cell or undifferentiated. Yo refuse
operation in cases of this kind is probably unjustified
as when their histological picture is viewed overall

some will undoubtedly prove to be differentiated tumours.
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‘'able No. IV. Histological Type of Tumour in 51 Cases.

équamous Celled Oat Celled Glandular Undifferentisted

32 or 62.7% 7 or 13.7%| 8 or 15.7%

4 or 7.8%

There were 52 examples of squamous-celled carcinoma,
7 of these were undifferentiated (Case Nos. 51, 73, 78,
77, 80, 85 and 102, page 763, 942, 971, 972, 1008, 1049
"and 1175). There were 7 oat-celled carcinoma (Case Nos.
48, 60, 61, 62, 65, 67 and 72 Dpage 734, 841, 880,
860, 883, 897, 930 ), and 8 glandular (Case Nos. 49,
80, b2, 866, 64, 68, 82 and 86 page 740, 749, 771,
804, 869, 906, 1025, 1057 ). The remaining 4 were
examples of undifferentiated tumours (Case Nos. 53, 59,
66 and 83 page 772, 832, 889, 1054 ).

Borrie (1952)in a total of 200 resected lung
tumours found 68% epidermoid, 27.5k undifferentiated
and 4.56 adenocarcinoma. ‘'he comparative figures in
this series were 62.7% epidermoid, 21.56 undifferentiated
including oat cell and 15.7% adenocarcinona.

In 1952 McGrath et al wrote a pralseworthy article
on the possibility of bronchogenic carcinoma arising
from multiple sites of origin, as occurs in tumours
of the 1ip and skin. 'Their study comprised 87 specimens

of bronchogenic cancer examined by the large section
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method. ‘rhese sections included the bulk of the
tumour and as much as possible of the related bronchus
and adjacent non-neoplastic tissue. They were then
able to examine sections 8 x 18 cm. in size. In 13
specimens they demonstrated to their own satisfaction
in what they call the bronchial mucosa "in immediste
continuity with the main tumour" pre-invasive sguamous
cell carcinoma in general limited by an intact basement
membrane. lThey called these areas '"contiguous plague
phenomenon" and they claimed to find these as far away
as 7 cm; beyond the "obvious limits of the tumour".

In 19 specimens they found what they call identical
microécopic focl which lacked continuity with the main
neoplasm. They believed that these were independent
growth centres separated by normal mucosa from 1 to 10
Cll. Some of these "independent microscopic foci' were
as large as 3 cm. in length and apparently were found
in bronchi both proximal and distal to the cancer and
even in other lobes.

In 7 specimens they found both contiguous plaques
and independent microscopic lesions; in 25 others
either one or other alone was encountered while in 5
further specimens 2 "grossly visible independent

tumours" were seen.
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Pleomorphism within the tumour was striking;
less than half of the tumours (42) revealed only one
type of architecture, in 45 specimens they found 116
"different structural patterns", in many of which no
possible developmental relationship could be attributed
to the two or more patterns seen in a single tumour;
well differentiated squamous-cell carcinoma with well
differentiated adenocarcinoma, spindle-cell alveolar
carcinoma with oat-cell or signet-ring carcinoma. In
27 tumours there were 2 patterns, in 16 there were 5,
in 6 there were 4 or 5. Using the dissecting micro-
scope they claimed to find a geographic distribution
of each type which usually did not recur within the
tumour mass. They felt that these different types
seen in Juxtaposition in the same tumour mass were
independent tumours with different polarisation and
they concluded that many bronchogenic carcinomata
arise from several proximate sites.

/ It 1is perhaps presumption on my part as a surgeon
to criticise a pathological paper particularly one with
such an extensive histological study but there are
several points of criticism which seem worthy of
mention.

It does not seem completely clear that serial
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sections were carried out in &ll these examinations;
if they were not, 1t 1s Jjust possible that some of the
so-called "contiguous plaque phenomena' were, in fact,
the outward limit of the primary tumour missed on
previous sections examined.  Secondly it is
permissible pathologically to call these '"plaques"
pre-invasive squamous-cell carcinoma, and the term
carcinoma is permissible when the basement membrane

is still intact provided there is a noteworthy degree
of loss of polarity of cells and aberration of cell
type as in the intraduct carcinoma of breast described
by Muir (1929). Further some of the microphotographs
shown as 1llustrations of this aspect look to me more
in the nature of gross squamous metaplasia in bronchial
epithelium than of true cancer.

If serial sections were not carried out in the 19
specimens in which they found identical independent
microscopic foci, doubt must arise as to their
"independence'" although a maximum distance of 10 cm.
between the two tumour sites is difficult to explain
away, nevertheless the path and course followed by
these tumours within, around or between bronchi is
very fickle and while a tumour at one point of section

may look gquite small a deeper section of lung may
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reveal a massive tumour, as is well seen in Case No.
87 (page 1064).

It is notoriously difficult to maintain the normal
framework, position and relationship of structures in a
preserved lung even if the lung is injected with the
preservative, the specimen always tends to shrink
unequally at different sites in spite of all one's
efforts to prevent this. Because of these difficulties
is 1t not possible that a tumour might be sectioned
tangentially and in such a way as to cut across the large
tumour mass at one point, to have normal interﬁening lung
and again to hit the tumour at some distance?

In regard to the high proportion (over 50%) of
cases in which they found two or more tumour histological
patterns in proximity within the main tumour mass, it has
always been well recognised that this occurs in different
areas of most bronchogenic carcinomata. Indeed 36 out
of 84 cases reviewed by Willis (1948) definitely come
into this combination of different histological patterns
in one tumour, while several other of his cases could
probably be included.

I find it. difficult to believe that so many tumours
(more than half) should be not one but two or three

tumours all growing in the same area of lung and all,
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as it were, fused into one. If one were to believe
that columnar cells, basal cells and mucous gland cells
of respiratory epithelium were all capable of producing
a characteristic and individual tumour there might be
some foundation for belief in this possibility, but the
view that all these cells méy produce & bronchogenic
carcinoma of specific type would appear to have been
discarded long ago.

If one believed that bronchogenic carcinoma
develbped from the basal cells only as did Edwards
(1946) and Halpert & Pearsons (quoted by Willis 1948),
it would be possible to explain some of the tumour
multiplicity by the mannér in which the basal cells
developed their malignant growth and the type of cell
which they happened to produce, for example, squamous
cells and columnar cells and so squamous eplthelioma
and adenocarcinoma.

While the origin of the cells of bronchogenic
carcinoma is surrounded by much speculation it would
seem that the view expressed by Willis (1948) is the
most sensible one, namely "that all of the epithelial
elements in the fields of origin of the tumours, surface
eplthelia and glands alike, participate in their

formation, just as cancer in the breast often affects
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large and small ducts and acini simultaneously or
successively". If one accepts this view then surely
nultiple patterns of different histology in the same
lung the seat of malignant disease can be explained by
the malignant activity of all the different cell types
in the "field of origin".

Finally, it seems incongruous to me that as
licGrath et al (1952) would have one believe, several
quite separate malignancies should arise within a few
centimetres of one another while there is at least one
other lobe to say nothing of a second lung neitber of
which are apparently involved in this curious tendency
to tumour multiplicity. If there are multiple tumours
developing why are théy confined to one or at the most
two lobes, when there are five lobes equally open to
involvement by the similar mode of onset here propounded?

Borrie (1952) in his excellent paper brought out
many points of great interest in relation to the type of
tumour found, the likelihood of lymph gland invasion and
the dependence of survival on the type found and the
presence or absence of invaded lymph nodes.

For the purposes of his paper, delivered as a
Hunterian lecture to the Royal College of Surgeons, he

examined 200 lung specimens and studied first the
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distributlion of the lymph drainage from each lung.

In the right lung he found that there were 16
sites for lymph nodes, the most constant of which was
between the upper and middle lobe bronchi followed a
close second in frequency by a node on the medial aspect
of the right main bronchus. Less constant but freguently
present were collars of lymph nodes around the upper,
middle and lower bronchi with an additional collar around
the apical division of the lower lobe bronchus.

In the left lung there were 17 sites for.lymph nodes,
the most constant site appeared to conform to that in the
right lung and lay between the upper and lower lobe
bronchi, this appeared to be what he termed the "lymphatic
sump" of the lung. Again a collar of lymphatics was
found surrounding the main bronchus, the upper lobe
bronchus and at the carina between the apical and anterior
segments. ‘The lower lobe had a similar distribution to
that on the right side. Both lower lobes had a wide
distribution into the mediastinum along the inferior
pulmonary vein and the pulmonary ligament.

Almost 50% of the 200 specimens (46% right lung
and 50% left lung) had one or more nodes involved.

Borrie (1952) found as one would expect that the

undifferentiated tumours had invaded lymph nodes in a
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large number of specimens, in fact, 70% whereas, in
epidermoid tumours only 42.56 had invaded nodes.
lTumours in the lower lobes appeared to invade lymph
nodes more readlly than did tumours in the upper lobes,
the average for both lower lobes was 59%, 756 of the
right lower lobe specimens showing such iﬁvasion, not
only so but invasion from lower lobes was much more
widespread and would guickly reach the "lymphatic
sump" area and involve the glands around the middle
and upper lobe bronchi. While the left upper lobe
tumours tended to show gland involvement in the lower
lobe, the line of invasion in the right upper lobe
tumours never extended below the middle lobe bronchus.

72 cases which had survived operation had been
operated on 5 years or more previously; of these 59
had died, 50 from metastases, 51 in the first year;
70% of these were in the undifferentiated and 30% in
the epidermoid group. On the other hand, 26% of the
epidermoid group survived from & to 9 years.

He showed that 83 of the cases with lymph nodes
invaded at the time of operation were dead in 3 years,
54.56 of them within one year. Only 11% (four cases)
were alive, in three of which one node only was invaded

and in the fourth only two. Kather unexpectedly one
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reads that of those with no nodes invaded 66% were

dead in % years, 435 of them within one year. There
is therefore a difference but only a small difference
between the survival time of those with invaded nodes
and those without.  Further the type of cell does not
seem to matter if nodes are invaded, for, whereas
undifferentiated tumours take their toll earlier, by
the end of three years the figures for undifferentiated
and epldermoid growths have largely balanced out. He
was unable to find that the number of nodes invaded made
any real difference in length of survival, nof did the
site of the invaded node.

He rightly stresses the importance of blood spread
in lung tuwmours, the magnitude of which is not fully
appreciated. He pointed out that 20 patients dying
within 15 months of operation from metastases had no
lymph node invasion at the time of operation, and
dissection of these specimens showed either deep
penetration into the walls of the veins or actual
fungation of the tumour into the vein lumen. In
conseguence, he conoludes that blood stream invasion
occurs much earlier and more easily than is generally
appreciated. ‘his would appear to underline the

desirability of tying off the pulmonary veins as the
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first step in the operation.

It would seem that a patient with a tumour in an
upper lobe was more likely to survive. Eight out of
the 15 survivors & years after operation had had upper

lobe tumours, 4 on each side.
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Clinical Picture in Carcinoma of the Lung.

The 55 cases reviewed in this series were all
proved cases of cancer of the lung and all were
subjccted to either pneumonectomy or lobectomy.

An analysié of the symptoms of these cases is
not necessarily a true picture of cancer of the lung
in general. Their symntoms are the symptoms of what
have probably been the more slowly growing tumours.

The majority were squamous epltheliomata. It is
obvious then that the clinical picture of the actively
growing cancer will be much more rapid in its
development.

In this group of patients in whom operation was
possible, the average duration of symptoms before
- admission to the surgical théracic centre was just over
eight months. Case No. 60 (page 833 had had symptoms
for only one month, while at the other extreme Case
No. 88 (page 1087) would appear to have had a tumour
for five years before admission, at any rate, five
years previously his own doctor had found an area of
dullness in his right chest, which at a subsequent
illness three years later was still present; in this
area there was found and ultimately removed a carcinoma

of bronchus. It is interesting to report that his
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original complaint was that of pain in his joints and
these pains recurred with increasing frequency and
severity throughout the two succeeding years, so that
four months prior to admission he was able to work

only two days a week and finally he became unable to
work at all. This 1s a typical example of hyper-
trophic pulmonary osteo-arthropathy; In fact, it is
not rare for cases of cancer of the lung to present

as arthritis. LEight patients in this series had the
osteo-arthropathy syndrome and several have comparatively
long histories (Case No. 57 page 750). |

Cough. This was the initial symptom in 14 cases (25.4%)
and the symptom of most frequent complaint (94.5%).

Many patients had had a cough for years, frequently
described as a smoker's cough which, by the time of
onset of other symptoms, had changed in character,
becoming more frequent and irritating in character.

It is not surprising that cough is the most frequent
symptomn. If the tumour is projecting into a major or
stem bronchus to such an extent as to narrow appreciably
the lumen there will be inspiratory stridor, which when
accompanied by cough will give the latter a distinctly
brassy character. If the tumour is growing more

peripherally in one of the smaller bronchl such
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irritation may be absent. Cough also arises as a
secondary result of the presence of the tumour. The
obstruction caused by the tumour in the bronchus will
lead to defective ventilation of the lung tissue
supplied by that bronchus, with the result that
atelectasis in that segment or lobe will develop,
mucus will be retained and stagnation of mucus will
promote infection which in turn will cause the
development of bronchiectasis, pneumonia or lung
abscess. This will lead to the expectoration. of
pﬁrulent sputum, at first small in amount, but if a
lung abscess develops and retains some communication
with the bronchus it may arount to as much as ten or
fifteen ounces a day. If the case is first seen when
& large amount of purulent foul smelling sputum is being
expectorated the correct diagnosis may well be overlooked
and the case labelled as one of lung abscess (Case No.
57, page 805). This is particularly liable to happen
if the abscess is in the upper lobe, as it so often is,
the tumour being just beyond the trifurcation of the
upper lobe bronchus and therefore beyond the view of
the bronchoscopic retrograde telescope.

Sputum. This was stated as being the symptom first

noticed in 7 cases (12.7%), and was present in
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48 (87.2%6). The free expectoration of sputum is more
a manifestation of damage in the lung distal to the
tumour than of the tumour itself. The character of
the sputum will depend on the lung pathology from
which it flows; 1in the pneumonic lung it may be rusty
or frankly blood stained; in bronchiectasis it will
contain yellowish-white plugs and in lung abscess it
will be dirty white, profuse and foul smelling.
Haemoptysis. This occurred in 36 patients (65.4%);
and was the first symptom noted in 10 (18.1%). It

varied in amount from streaking of the sputum on only

one occasion! through repeated attacks for several days

2 3

at a time, over a period of weeks® to frank haemoptysis®.
In common with any malignant tumour which ulcerates on
an epithelial surface bleeding is a frequent occurrence;
it wmay be capillary in type and therefore small in
quantity or it may be from a much larger vessel and
cause haemoptysis of half to one pint in amount. This
occurred in one case which was too far advanced for
surgery and was encroaching too far proximally on to the
carina to allow of safe biopsy. The "bleedings"

rarely start as the result of a paroxysm

1. Case No. 89 page 1076
2. Case No. 90 page 1084
3. Case No. 90 page 1084
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of coughing traumatising the tumour surface, buﬁ in the
majority, particularly those "bleedings" of any quantity,
the cough develops from the irritation of the blood
present in the bronchus and, if of considerable amount,
it is felt to "well up" in the throat before the
coughing starts.

Pain. This occurred in 56 cases (65.4%), and was the
presenting symptom in 9 (16.8%) or in 17 (31%) if those
cases are included in which pleurisy and pneumonia was

a presenting symptom. It varied from a dull ache or a
féeling of tightness, through varying degrees of severity
to the sharp stabbing pain of pleurisy; pain which was
accentuated by coughing and deep breathing. The more
severe degrees of pain were usually assoclated with the
spread to the pleura of inflammatory processes following
pneumonic change in the lung distal to the tumour. No
instance of root pains occurred in this selected series;
the occurrence of such pain was generally believed to be
an indication of invasion of the chest wall by tumour
tissue, an advanced stage of the condition in which so
far we have never proceeded to resection, since it would
then be necessary also to remove the invaded portion of
the chest wall. Similarly no case of the so-called

superior sulcus tumour syndrome of Pancoast is included
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in the 55 selected examples; as the symptoms are
believed to be due to peripherally placed apical
bronchial carcinomas in which there is invasion of
the supraclavicular and axillary lymphatic glands,
the pain being due to pressure on the elements of the
brachial plexus.

Loss of Weight. This was recognised by 32 patients

(68.1%). It was noted as the primary symptom in 2
instances (8.6%). Weight loss appears to result in
the comparatively early case from sepsis in the related
section of the lung and not from the tumour itself. In
the more advanced cases loss of weight occurs in a
similar manner to the cachexia of malignant disease
elsewhere in the body.

Breathlessness. This was a symptom of sufficient

importance to be noticed by the patient in 28 cases
(50.9%) and was the presenting symptom in 4 (7.3%).

It usually began as shortness of breath on climbing
hills or on going upstairs. Not infrequently complaint
was made of being unable to fill the chest properly when
taking a deep breath, as Edwards (1946) has emphasised.
He believed that the normal elevation of the lung root
which occurs during deep breathing was prevented in those

cancer cases in which there was fixation of the
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mediastinum. Strangely and unexpectedly it was found
that the bulk of the tumour seemed to have little
bearing on the presence or absence of breathlessness.
In Case No. 51 (page 750) the most bulky tumour in
the series, there was no complaint of breathlessness,
nor in Case No. 88 (page 1087 whose tumour was so
large that operative removal was difficult; on the
contrary breathlessness appeared to be associated not
so much with the tumour bulk as with its site. In
Case Nos. 51 and 88 (page 750, 1067 ) although the tumours
by their size must have displaced and interfered with a
considerable amount of lung tissue no complaint of
breathlessness was made. Both of these tumours were
situated towards the periphery of the lung. In Case
No. 51 (page 750 the tumour was in the apex of the
lower lobe and was arising from a minor subdivision of
the apical bronchus. In Case No. 88 (page 1087) the
tumour was in the upper lobe and was ulcerating into one
of the upper lobe bronchus subdivisions, probably the
axillary segment. In short, if the tumour is of large
slze and of peripheral type breathlessness need not be
a symptom, If, however, the tumour is projecting into
a stem bronchus or a main subdivision bronchus breath-

lessness will be an early and outstanding symptom even
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if the tumour has not reached any great size; in a
site of this proximity any obstruction caused will
affect an entire lung or lobe.

Arthropathy. This will be discussed more fully on

the sectlon on physical examination, but it must be
included here as it was the presenting symptom in 6
cases (10.9%) and occurred in two others (Case Nos.

53 and 91 page 772, 1094). A further 3 cases have
since been operated on successfully but are not
included as the specimens were used for experimental
pﬁrposes elsewhere. This is an unusually large
number of cases presenting in this way and is at least
in part accounted for by the interest taken in this
condition by the thoracic surgery unit staff as a
result of the successful treatment of Case No. 80,
(page 996).  The history which is common to all these
cases is the development of pain and swelling of the
joints usually the smaller joints, fingers and wrist,
ankles and toes, but the larger joints are not exempt.
Case No. 80 (page 996) was adwitted to another
hospital for treatment of his arthritis and when in
the hospital it was noticed that he had clubbing of his
fingers. Despite the absence of respiratory symptoms

his chest was X-rayed and a lung tumour was found.
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A further 16 cases have been collected by the

physiclan to the unit (T. Semple). It is astonishing
to find that half these cases have not only been
diagnosed as arthritis but have in fact been under
treatment at Rheumatic Clinics for it, the chest
condition being apparently silent until the history

has been gone into more carefully and some symptom such
as increasing cough or occasional haemoptysis recalled.
Indeed, in some, e.g. Case No. 80 (page 996) even after
the tumour of the lung was discovered careful interrogation
elicited no chest symptoms and the only symptom that
might have been related to the cancer itself was loss of
appetite and the loss of 2% stones in weight. It is
perhaps more interesting still that the cases which
survived operation all had improvement of their arthritic
symptoms and reduction of subperiosteal new bone
formation. Indeed those successfully operated on

(Case Nos. 80 and 82 page 996, 1015) returned to normal
clinically and on X-ray. One of the cases (Case No.
82, page 1015) was treated by lobectomy and when a
secondary deposit developed in the lower end of the
humerus his arthritic symptoms recurred in all the

affected joints and progressed until his death.
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Lassitude and loss of energy. 1In & cases (5.56),

this was the first thing which the patient noticed.

In many other cases lassitude or loss of energy
subsequently developed at varying intervals after the
primery symptom. In the 3 cases in which this was
'the presenting symptom the patient felt perfectly well
otherwise (Case No. 74, 92 and 93 page 945, 1103,
1108, subsequently other symptoms were noted including
cough and in one haemoptysis (Case Io. 93 page 1108).
These patients were unable to undertake work or sport
activities without developing tiredness under
circumstances where formerly it had been absent.

Pleurisy, Pneumonia and Influenza. In 9 cases (16.3%),

the history cormenced with a febrile illness diagnosed
by their own doctor as pleurisy and pneumonia in 6 and
influenza in 3. As a rule the illness did not run the
usual course, either it took longer to clear up or one
was told that the pneumonia had remained unresolved.

The diagnosis of unresolved pneumonia will be discussed
fully 1ater; suffice it to say here that if a pneumonia
does not clear up in the usual time or if it recurs there
must be something unusual in the underlying pathology;
that something is commonly a partly or completely

obstructed bronchus and the obstructing factor is so
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often a carcinoma of bronchus that unresolved
pneumonia should be assumed to be due to a carcinoua
until the patient is bronchoscoved and the diagnosis
proved otherwise. Unresolved pneumonia has been
found so frequently in cases which have subsequently
been proved to be carcinoma that its occurrence
should automatically make the clinician think of
carcinoma and not only think of it but take immediate
action to prove or disprove it.  So often cases with
this diagnosis have been watched over fér weeks or
months and the chance for successful resection has
been lost forever. Only when clinicians appreciate
this will the results of surgical treatment for

bronchial carcinoma improve.
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Table lo. V.

Summary of Symptomatology.

Initial Present but not
Symptom Initial Symptom
2 ' %
Cough 25.4 94.5
Haemoptysis 18.1 65.4 |
Pain 16.5 65.4
'Pleurisy pneumonia
and influenza 16.3 -
Sputum 12.7 87.2
Arthropathy 10.9 -
Breathlessness 7.5 50.9
Lassitude and loss
of energy 5.9 50.2
Loss of weight 546 58.1
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liason (1949) in a review of 1,000 cases found the
initial symptom frequency to be cough 31%, pain 24%,
dyspnoea 11%, lassitude 9.5, haemoptysis 6.7%, and
weight loss 5.1%. Comparison with my series shows
a similar order of frequency except that haemoptysis
occurred in 18.1% as compared With liason's 6.7% and
in this way conforms to the figures of Nicholson (1947),
who also found cough and haemoptysis to be the most
common initial symptoms.

Brock (1950) rightly points out that cough is by
far the most important symptom and if occurrihg in a
middle aged patient hitherto free of cough it is most
suggestive of carcinoma. He adds the useful point
that the patient's wife is frequently the better informant
particularly if the patient has had a smoker's cough for
years and claims that it has not altered in any way;
commnonly she has noticed an alteration in its quality or
frequency of which the patient is unaware. He stresses
the importance of the usual winter cough which has not
cleared up in the summer and that the daily or nearly
daily blood streaking of the sputum continuing for
weeks or months is practically diagnostic. As Churchill
(1948) aptly puts it "in sputum the amount of blood seems

insignificant, the regularity and persistence of its
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appearance are highly significant".

In regard to the symptom of pain Reinhoff (1947)
makes the point that whereas pain is an uncommon
symptom of cancer elsewhere in the body it is the
third most common symptom in cancer of the lung,
occurring in 50% of cases and being overshadowed in

frequency only by cough and haemoptysis.
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Clinical Examingtion.

In many of the cases which were subsequently
found to be suitable for operation, the clinical
examination was entirely negative.

As Brock (1950) states there are only two signs
that point strongly to growth, the one is absolute
dullness not caused by fluid and the other is bronchial
stridor, both are more likely to be found in the
inoperable case.

In the general examination of the patient, loss
of weight if obvious usually indicates either.that the
tumour is well advanced and has already disseminated
secondaries or that secondary inflammatory changes in
the lung are pronounced.

Obvious breathlessness at rest or marked inspiratory
stridor usually imply the presence of either a large
tumour or one which is encroaching on the carina and
therefore 1likely to be inoperable as does the presence
of cyanosis.

Hoarseness should be heard with suspicion and
enquiry made as to how long it has been present. If
1t is of recent onset it will certainly indicate
involvement of the recurrent laryngeal nerve by the

carcinoma or more likely invasion by related invaded
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lymph glands. Occasionally, however, one finds

that it is quite unrelated to the present illness

and that hoarseness has been present for some years
dating from some previous episode involving excessive
use of the voice.

Careful search should be made of the lymphatic
gland areas with particular reference to the axilla
 and supraclavicular regions. Invasion of one or
more of these glands will be evidenced by their
enlargement and/or their hardness. If the matter
is in doubt one of the glands should be excised and
sections from 1t examined. This measure has
frequently saved a patient from thoracotomy. At the
same time as search is made for enlarged lymph glands,
the entire skin surface should be surveyed for the
presence of even a single pea-sized hard nodule - the
first skin secondary - a not uncommon feature of the
advanced case; a nodule, which is the herald of many
others soon to appear, and which foretells an early
demise.

Whilst looking for secondarily invaded glands
it is as well to examine also for liver enlargement

in case this step be forgotten.



Examination of the Chest.

One cannot begin this section better than by
quoting Brock (1950) who, in discussing the physical
examination of patients with bronchial carcinoma,
states "It cannot be too strongly emphasised that the
placing of faith in percussion and auscultation is
absolutely wrong: a negative examination means nothing.
Only by good radiology can an early diagnosis be made in
most cases".

If cases of carcinoma of the bronchus are to be
diagnosed earlier, this very important outlook expressed
by Brock (1950) must be instilled unceasingly by the
physicians into the minds of medical students in clinical
teaching.

If positive findings are present on physical
examination they will be dependent on two main factors,
the size of the tumour and its site in relation to the
bronchial tree.

Inspection. If the tumour is a peripheral one, there

may be flattening and lack of movement over the affected
areal. If the tumour is in an advanced state of growth
and has produced a "blacked out" lung, the whole side of

the chest will be flattened and quiet on respiration

1. Case No. 54 page 779
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while the heart will be drawn to the affected sidel;

a similar flattening of the chest will be present if
pleural effusion has developed, if it is extensive it
may cause bulging of the chest and displacement of the
heart to the other side.

Palpation. the axillary, cervical and supraclavicular
glands will already have been "covered" during general
examination. It is as well first to palpate the
position of the trachea in the suprasternal notch and
to decide if it is deviated to one or other side. If
it is it nearly always indicates that a partial or
complete lung atelectasis has occurred distal to the
tumour.  If this examination is carried out first it
is less likely to be overlooked.

In the early case no alteration from normal will be
found. In the peripheral tumour and in the late case
with partial or total atelectasis the flattening and
lack of movement of a section? or an entire hemithorax
will be confirmed, in addition, depending on the extent
of the collapse, reduction or absence of vocal fremitus

will be noteda.

1. Case No. 94 page 1114
2. Case No. 54 page 779

5. Case No. 95 page 1120
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Percussion.  When the tumour has produced a segmental

collapse of a lobe careful percussion may reveal this

as a small area of diminished resonancel; more often,
however, this area will be missed®. Dullness confined
to a lobe may indicate pneumonic and atelectatic changes
in that lobe distal to a tumour5, while total dullness
will be found in those with total atelectasis® or with
extensive pleural effusion.

Auscultation. Norris & Landis (19%8) aptly state

"auscultation does not help much".

| Abnormal stethoscope findings are againllikely to
be absent in the early case. As in palpation a
segnental collapse may be found and exhibit broncho-
vesicular or frankly bronchial breath sounds.  When
larger areas of lung are involved the findings may be
either those of atelectasis or pneumonia and commonly
are 2 mixture of both®. 'The respiratory murmur is
likely to be reduced in intensity for i1f the pathological
changes have been sufficient to manifest themselves on
examinatidn of the chest surface, inevitably the

visceral pleura will be several times thicker than

. Case No. 80 page 996
Case No. 83 page 1026
Case No. 96 page 1129
Case No. 94 page 1114
Case No. 94 page 1114

Ol W0
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normal (even to $" in thickness) in response to the

underlying lung inflammationl’g.

Similary the
respiratory muriur is likely to be decreasedd. If
there is central breakdown in the tumour which
communicates with a bronchus or if there is a lung
abscess distal to the tumour (a not infrequent
occurrence) the respiratory murmur may be cavernous®

and whispered pectoriloguy may be heard.

. Case No. 96 page 1129
Case No. 78 page 981
. Case No. 54 page 779

B O, O

. Case No. 63 page 861
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Hypertrophic Pulmonary Osteo-Arthropathy.

1his condition as distinct from simple finger
clubbing, was first described by Bamberger in 1889 and
Marie in 1890 (quoted by Pattison et al, 1951). the
original description was "symmetrical osteitis of the
four limbs, chilefly localised to the phalangeé and
terminal epiphyses of the long bones of the forearm
and leg, sometimes extending to the roots of the limb
and flat bones, accompanied by a dorsal kyphosis and
some affection of the joints".

While clubbing of the fingers has been é well
recognised sign of pulmonary infections such as
bronchiectasis, abscess, pneumonia, empyema and tumour
and of congenital heart disease and while it has been
reported in cancer of the thymus and in benign chest
wall tumours, including fibroma (Hazel, 1940) and
lipoma, only in comparatively recent times has it been
recognised that this hypertrophic pulmonary osteo-
arthropathy may be the first sign and, indeed, the only
sign of a bronchial carcinoma. Several papers have since
appeared notably by Locke (1915), Campbell (1938),
Hazel (1940), Galli & Vitale (1947) and Fried (1948).
51X cases presenting in this way ere included in this

series, two others had it as one feature of their case
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and a further three cases have been operated on since
this serles, giving a total of 9 cases in all.
Several of these cases had joint symptoms for many
months.  ‘Lhe history of Case No. 88 (pagel067)
extended over 2 years and possibly 5.

Pattison et al (1951) underline the important
point that whereas in suppurative conditions of the
lung joint symptoms occur some time after the
suppurative condition has been recognised, in cancer
joint symptoms may be present for six to nine months
before pulmonary symptoms develop. Sufficient time
in fact to allow of the diagnosis and successful
removal of the tumour.

The condition is characterised by pain and
tenderness in the joints with an aching sensation in
the shafts of the long bones, particularly the tibla
and radius, and it is accompanied by a varying degree
of joint swelling. ‘lhe fingers are enlarged, bulbous
and may be cyanosed. Sometimes there is a burning
sensation in the hands and feet and evidence of
endocrine upset such as gynaecomastia and resemblance
to acromegaly. ‘The latter findings occurred as
reported in the first case of Pattison et al (1961).

X~ray examination shows typical sub-periosteal new
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bone proliferation especlally in the ulna, radius,
tibia and fibula; the metacarpals and metatarsals
may also be involved.  These cases commonly run a
mild fever of 99° - 101° which further encourages
the erroneous diagnosis of arthritis due to an
infective origin.

When removal of the lung tumour at operation has
been successful the patients all immediately remark on
how much more freely their joints move.  Subsequently
these patients all returned to normal activity. As
Pattison et al (1951) point out although boné changes
here are so marked, they are reversible and will
disapnear entirely if the primary condition 1s cured.
Norris & Landis (1938) deny this, but our experience
is at variance with theirs and we have observed that
the changes do disappear (Case Nos.80 and 82 page 996,
1015 ), Hazel (1940) reported seven cases of tumour
of the lung with joint manifestations, five were
malignant and two were simple. One of the malignant
cases had been bedridden for six months and following
lung resection the joint symptoms disappeared. Many
views have been propounded to explain the development
of these appearances. Mauer (1947) believes that the

increased sedimentation rate is due to increased



238

fibrinogen and globulin in the blood; this leads to
rouleaux formatlon of the red cells with, in consequence,
great reductlon in the available area of the red cells
for oxygen exchange. Charr & Swenson (19468) showed

that the vascular bed in the skin is increased and
widened in these cases, this allows an increased rate

of blood flow, which combined with the decregse in
oxygen exchange causes tissue anoxia.

Campbell (1938) believed that the reason why only
a small proportion of lung cancers developed Qsteo—
afthropathy was due to the location of the tumour in
relation to the veins and that 1f the tumour pressed
on or invaded the veins; osteo-arthropathy was more
likely to develop. Hazel (1940) reported that 3 out
of his 7 cases had definite pressure on or invasion of
the veins.

Cases of carcinoma of lung with joint manifestations
are appearing with increasing freguency and one feels
that in future all cases of arthritis with finger
ciubbing should have an X-ray examination of chest as

a routine measure.



X-ray Examination of the Chest and
the Interpretation of Kadiographs.

Good x-ray pictures are of vital importance.

The routine postero-anterior film must be supplemented
by a lateral film. Far too many radiologists are
unwilling to take lateral x-rays of patients in whonm
carcinoma is suspected (probably aé a result of the
scarcity of x-ray films) even more clinicians are
unaware of the value of lateral films in practically
all chest lesionst. This statement is borne out by
the fact that in about 30% of the cases to which one
is called in consultation in the medical wards there
is no lateral x-ray film.

While postero-anterior and lateral films may be
diagnostic of cancer in themselves, quite frequently a
shadow is seen, the nature of which is in doubt. UThis
shadow may be clarified by taking a penetrating film to
show the trachea and stem bronchi®. In these films a
tumour of the main bronchi may be seen to project into
the bronchus or be seen to distort it by narrowing its
lumen®. As a rule, however; when doubt remains as to
the diagnosis it is necessary to take tomographs.

1. Case No. 97 page 1141

2. Case No. 66 page 884
3. Case No. 84 page 1035
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The depth of the tumour is estimated on the lateral
film and "body section' films are taken so as to cut
through the tumour at lcm. intervals. By this means
Moore (1940) states that it is possible to show the
bronchial tree down to bronchi of 3-4 mm. in diameter
and thus by this means reduce the number of tumours
which cannot be diagnosed accurately by a combination
of examinations other than x-ray - a figure stated to
be about 356. Mason (1949) believes that in collapse
tdmography will fail to show in only a small proportion
of cases either a definite mass or a VEery suépect ares.
of greater density at the apex of the pyramid of
collapsed lung tissue.

In general lipiodol examination should be avoided
for it is likely to be of little help in tumours which
are beyond the main bronchi (which will be seen in any
event on bronchoscopy). It may be of help, however,
in the upper lobe when the tumour has not been visible
on bronchoscopyl in which the pectoral segment failed
to fill. If a lipiodol .exsmination is carried out it
is likely to obscure further x-ray observation in cases
in which there is still some doubt (with the more recent
measures of treatment of the patient by the physio-
therapist immediately after x-ray and by the use of

1. Case No. 85 page 1026}
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water soluble liplodol this "obscuring the picture"
is 1likely to become less troublesome as some of the
opagque medium can thus be discharged).

In exemining chest x-ray films of cases suspected
of carcinoma of the bronchus particular attention should
first be paid to the type of film received and assessment
should be made of the "hardness" of the film. Next
the trachea should be located and note taken of its
relationship to centrally placed sterno-clavicular
joints. If it is deviated to one or other side, the
heart shadow in tumour cases will also be deviated to
the same side. (This is not necessarily the case in
"ard" (i.e. fibrotic) apical tuberculous disease in
which the trachea may be considerably pulled across in
an S-bend to the fibrosed diseased side without much
cardiac displacement, although in total unilateral
fibrous tuberculosis the cardiac shadow will also be
displaced to the diseased side). The trachea will Dbe
pulled toward the side of the tumour. This is a very
important diagnostic point in differentiating a '"blacked
out" lung due to tumour from a "blacked out" hemithorax
due to pleural effusion; in the latter the trachea will
be pushed away to the other side, that is, away frow the
"blacked out" hemithorax. An excellent example of

"blacked out" lung with deviation to the same side due
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to tumour, is seen in Case lio. 84 (page 1039).

Next the lung fields should be inspected and any
abnormal shadow noted. An attempt will be made

to assess in which lobe the shadow lies and further,

on viewing the shadow in the lateral film, an attempt
should be made to decide which segment or segments the
tumour involved either by its invasion or by atelectasis

distal to its presencel’ 2.

Quite obviously if an
entire lobed or lung4 is involved the situation will

be quite apparent. Mason (1949) in his series of
1,000 cases found that 64% showed collapse on x-Tay;

40% lobar, 24% total collapse. Quite frequently

a triangular shadow with its apex towards the hilum will
be seen. This represents an atelectatic segment of a
lobe and is due to obstruction of the segmental bronchus
at a proximal level®. If a series of x-ray films over
a period of weeks are available, this segmental collapse
may be seen to have developed gradually or in a matter
of days; further what was first seen as a segmental
collapse méy now be seen to have become lobar or even

total lung atelectasis. ‘lumours near the lung hilum

Case No. 83 page 1026
Case llo. 93 page 1112
Case No. 54 page 7838
Case No. 84 page 1039
Case No. 83 page 1026

O Yo -
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may be particularly difficult to detect particularly
when situated on the left side behind the heart shadow,
that 1s, tumours in the lower part of the left stem
bronchus and in the bronchus to the left lower lobel.
These hilar shadows are usually best seen on the
lateral film. Mason (1949) stresses the importance

of taking radiographs in different planes and in
different phases of respiration if early surgical
emphysema due to early bronchial obstruction is not

to be missed.

| The postero-anterior film should also be‘observed
as regards the level of the diaphragms. There is a
considerable variation in these levels from one normal
person to another; as a rule the right diaphragm is
slightly higher than the left. iny deviation from a
slight elevation of the right leaf of the diaphragm
above the left will be noted and remembered for further

2 and vice versa. If there is evidence of

investigation
collapse of a lobe, particularly the related lower lobe,
diaphragmatic elevation will quite likely be explained
on the basis that the diaphragm has become raised to

fill in the potential and actual vacuum caused by the

1. Case No. 66 page 884
2. Case No. 75 page 958
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diminution in size of the collapsed 1obel’2. On the
other hand, 1f there is no such evidence of lower lobe
collapse the cause of the elevation will require to be
sought elsewhere and will likely be due to phrenic nerve
paralysis. For the requirements of surgery in bronchial
carcinoma 1t 1s important not to overlook the position
and mobility of the dlaphragms.

The costo-phrenic angles shoﬁld be inspected for
levelling off as a result of small amounts of pleural
fluid; larger amounts of fluid will be immediately
apparent on first looking at the films. |

In large tumours and in those cases in which chest
wall pain, especially root type of pain, has been a
feature, particular note will be taken of the uniformity,
clean cut appearance and density of the ribs in order
that rib invasion be not overlooked.

When there is a shadow involving the middle lobe,
an x-ray plate taken with the patient in the lordotic
position will often show more clearly an atelectatic
middle lobe.

As already indicated, tomographs and a penetrating
film will frequently be helpful in showing the site of

1. Case No. 98 page 1151
2. Case No. b5 page 792
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narrowlng in a maln or major bronchust. They will
also be helpful in displaying the carina of the trachea
and they will show whether the carina still has its
sharp inverted-V appearance. Any broadening of the
carina will be viewed with suspicion as probably
indicating the presence of invaded subcarinal glands
which, having enlarged, have pushed apart the right and
left main bronchi and so flattened out to a greater or
less degree the "knife edge" appearance that the normal
carina shows.

Brock (1948 & 1950) stresses the importahce of the
barium swallow, particularly in elucidating mediastinal
shadows especlally those lying behind the heart. If
a barium swallow is given the patient should be viewed
under the x-ray screen and x-ray plates taken for later
study. The barium swallow will demarcate the medial
configuration of the tumour and if an indentation of the
oesophagus is seen on the side of the tumour the likeli-
hood of invasion of the oesophagus by the tumour is
apparent and inoperability certain. ‘he barium swallow
may also be of help in more peripheral tumours,
irregularity and indentation of the oesophageal barium

shadow will suggest the presence of invaded mediastinal

1. Case No. 84 page 1039
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glands and once again proclaim the inoperability of the
tumour. At the 1983 Annual keeting of the Society of
Thoraclc Surgeons a paper was given on the use of
anglo-cardiography to demonstrate the "blacking out"

of divisions of pulmonary arteries and veins at levels
which indicated inoperability. While this measure

was of definite interest it seemed to add little to
that obtained from the measures already discussed.

No x-ray investigation of a suspected or diagnosed
case of bronchial carcinoma would be complete without
examination under the fluorescent screen with particular
reference to the mobility of the diaphragm on the
affected side. this is particularly important if the
diaphragm is elevated, one must decide whether the
diaphragm is moving normally downwards on inspiration
and upwards on expiration; a movement best demonstrated
by asking the patient to sniff through his nose, this
accentuates the speed of dlaphragmatic movement and
thus makes the movement more obvious. This 1s a very
important aid when there is increased density in the
lower lobe for such increased density will make
difficult the demonstration of diaphragmatic movement.
Sluggish movement but movement in the normal rhythm of

respiration may simply indicate the presence of
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adhesions to the lower lobe. It may, however,
foretell commencing phrenic nerve paralysis the

result of pressure on the phrenic nerve by invaded
mediastinal glands.  ‘Lhe absence of diaphragmatic
movement is suspilcious of phrenic nerve paralysis,

and the presence of paradoxical movement is diagnostic

of such paralysis.
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Bronchoscopy.

This is a vital step in the investigation of cases
of bronchial carcinoma. 1lhe majority of bronchoscopic
examinations in this series of cases have been carried
out by the consultant chest physician of the unit (Dr.
T. Semple). While it is desirable that the surgeon
should himself bronchoscope the patient on whom he is
going to operate it 1is by no means always feasible,
because the number of suspected cases is so large as
to rule out so time consuming a procedure for the
operator; further in a closely knit thoracic team in
which each knows and appreciates the ability and
judgment of the other it is not essential.

'he bronchoscopic examinations were carried out
under local anaesthesia, 2% anaethaine with adrenalin
for the preparation of lips, gums, buccal cavity,
fauces and soft palate and 1% anaethaine and adrenalin
for the pharynx, vocal cords and trachea. 'I'he secret
of success in the preparation of these patients 1s to
take time and to allow the anaesthetic to take effect
before proceeding from one step to the next. In
general, the preparation is preceded by a capsule of
nembutal and 1/100 gr. of atropine half an hour

beforehand. Just prior to the preparation, the
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patient sucks a lozenge of decicaine.

It cannot be too strongly stressed that if a
smooth examination is to follow adequate time should
be taken to prepare the patient. Vhen visiting clinics
in St. Louls and Philadelphia I was very disturbed to
see how restless the patients were during bronchoscopy,
on occasions almost to the point of fighting. In
fact, this was the one aspect of American thoracic work
which left what really amounted to a very bad impression.
Obviously insufficient time and care were expended in the
preparation of these patients. There is just no
comparison between the smoothness and efficiency of the
one method and the struggle and difficulty in carrying
out an examination at all in the other. It was
surprising to find that many units in America did not
use the retrograde telescope for viewing the upper lobe
bronchus.

Inspection of the trachea is first carried out and
attention is paid to its position whether it is in the
mid-line or deviated to one or other side. If it 1s
found to lack its usual mobility as the bronchoscope
traverses it the explanation may be that it is fixed
by secondary invasion of mediastinal glands which are

adherent to 1it. When the carina division of the
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trachea into the main bronchi is reached note is taken
of its appearance. Its normal vertical position as
seen through the bronéhoscope may be rotated or
distorted by disease or tumour in its vicinity. Its
normal knife-edged or inverted-V appearance may be less
acute than normal or it may be broadened due to the
presence of invaded glands lying immediately beneath the
carina and between the stem bronchli indicating in-
operability. Even 1if the affected lung and tumour
could be removed, the presence of invaded subcarinal
glands even though they were removable, would imply the
invasion of lymphatics beyond one's reach and hope of
removal.

The carina is by-passed as the bronchoscope enters
the bronchus. First the bronchus of the healthy side
is inspected and then the bronchus on the diseased side
is entered. In very proximally placed tumours this may
not be possiblé as the tumour tissue may be seen choking
the bronchus and extending up to the carina itself. If
such is the case great care must be taken in removing |
biopsy material for fear that a portion of the tumour
elther freed by the biopsy forceps or still attached
falls across or into and obstructs the healthy bronchus

and causes asphyxia. Sometimes under such circumstances
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it may be deemed wiser to refrain from taking biopsy
tissue. If there is less than 2 cm. of healthy stem
bronchus remaining between the carina and tumour tissue
or submucous infiltration of the bronchus wall then
clearly pneumonectomy will not eradicate the disease.
1Ihe upper lobe bronchi are difficult to see into
directly for any distance as the right leaves the main
bronchus at 90° and the left at 70°. Thus tumours
lying beyond 1 cm. within the upper lobe bronchi are
rarely seen by direct vision, this is particularly so
when there is atelectasis of the lobe beyond‘the
obstruction; this causes the angle to become more
acute as the bronchus is pulled further towards the
apex. If a retrograde telescope, previously warmed to
prevent steaming, is used, it may be possible to see the
tumour.  Where there is atelectasis of the upper lobe
an artificial pneumothorax will help by releasing its
distortion to return the position of the bronchus to
normal, a procedure which enabled Arbuckle to obtain a
biopsy in the first case of successful pneumonectomy
for cancer (Graham & Singer, 1933). If the entire
upper lobe is atelectatic the tumour in all probability
will be seen protruding from the upper lobe bronchus and

biopsy may then be possible.



252

If the bronchus is normal down to and beyond the
upper lobe orifice the instrument's downward passage is
continued and the other lobe orifices and their sub-
divisions are inspécted in turn.

If tumour tissue is seen its exact location is
noted and its extent along the bronchus wall; this
latter will not be possible if it blocks the bronchus
completely. ‘'he appearances of the tissue is studied
as to colour, the appearance of its edge and its
vascularity. The tumour may appear as a nodular or
fungating growth or it may be sessile or peduhculated.
If the tumour is not very vascular, a portion is
removed by biopsy forceps for exact histology. Jackson
(1930) found biopsy possible in 756 of bronchial
carcinoma while Kramer & Son (1936) proved the diagnosis
in 74%.  nienhoff (1947) proved it in 70C%.

The bronchoscopic picture is very variable; a
trickle of blood may lead to the ulcerated tumour
surface, or blood may trickle from a segmental division
giving presumptive evidence of a tumour beyond the reach
of direct vision.

No true tumour tissue may be seen, instead there
may only be submucous infiltration, or partial or

complete bronchial occlusion from the bulging inwards
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of the bronchial wall due to the pressure of an
extrabronchial growth.

When blopsy tissue is snipped away care should
be taken to crush the specimen tissue as little as
possible. Bronchoscopic histology can be notoriously
difficult to interpret and malignancies have been
mistakenly dlagnosed due to distortion of the tissue
removed;. It must be borne in mind that biopsy tissue
reported as granulation tissue may be from granulation
tissue at the edge of or proximal to the carcinoma.

In Evarts Graham's first history-msking case; the
initial biopsy did produce only granulation tissue but
two subsequent biopsies produced squamous epithelioma.

Bronchial secretions from the suspected site of
tumour should be collected by aspiration, centrifuged,
fixed, stained and sectioned. By this means a tumour
may be diagnosed when no biopsy tissue has been
obtained. Bronchial washings may be collected and
exanined in the same way. A little water is passed
down the bronchoscope to the suspected area; 1t is
then sucked out and collected in a small glass flask
fitted into the side of the suction tubing.

According to Holinger & kadnor (1940) 80% of

1.Case No. 117 page 1261



tumours originate in the major bronchi.

In this serics of cases, 39 were bronchoscoped
in Hairmyres Hospital, 20 (51%) of these were positive
bronchoscopies, 7 were indirectly positive and 12 were
negative. 'l'he comparatively small number of
bronchoscopic examinations carried out is due to the
fact that many of the cases occurred during the war
years when staff shortages were considerable.  Now

every case 1is bronchoscoped before operation.
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Diagnosis.
Ihe most important factor in making an early

diagnosis of cancer of the lung is to think of the
disease as being a possibility in patients having one
or several of the symptoms of cough, haemoptysis, loss
of weight, loss of energy or chest pain. As Brock
(1950) points out "one of the gravest errors, which all
teachers should concentrate on stamping out, is the
impression, still far too prevalent, that a diagnostic
feature 1s that the patient should look as if he had
got cancer". ‘'he proper education of the médical
student to the realisation that frequently before any
changes can be detected on physical examination it
should be possible to diagnose cancer of the lung by
means of ancillary methods of investigation such as
x-rays and bronchoscopic examination; 1in other words,
the middle aged or older patient coming for advice with
one or other or several of the above symptoms should be
suspected of having a carcinoma of bronchus until after
full investigation it is proved otherwise. Just as one
teaches the student that any one of the following
symptoms, loss of appetite, loss of weight, indigestion
or pain related to meals in a middle aged or elderly

patient should make him immediately think of carcinoma
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of stomach; equally cough, haemoptysis or loss of
weight and energy should meke him immediately think
of carcinoma of the bronchus.

Of the symptoms, the most important is cough;
it will be recalled that this was the initial symptom
in over 255 of the cases and occurred in 94.56. ‘'he
development of cough or alteration in the character of
a previous cough in a middle aged or elderly patient
must be viewed with grave suspicion. Similarly, the
occurrence of haemoptysis as a "bolt from the blue" in
the same age group of patient should be regafded as
most likely to be due to carcinoma of bronchus; it
occurred as the first symptom in 18% and was noted in
65%. Pain or discomfort in the chest may be the main
symptom in nearly one-fifth of the patients. As has
already been indicated, loss of welght should not be
regarded as part of the clinical picture although in a
very small number of cases it may be recognised by the
patient as the first feature of his illness.

Other symptoms that may be of importance include
breathlessness, arthropathy and obscure cases of
peripheral neuritis which are sometimes found in
association with bronchial carcinoma (Denny-Brown, 1948).

On clinical examination nothing abnormal may be
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found, particularly in early or in hilar lesions,
indeed 1t is generally true to say that the less
gbnormality found on examination the more likely is
the case to be operable.

the value of good x-rays, postero-anterior and
lateral films, supplemented where necessary with
tomographs cannot be over-emphasised. Indeed 1if
advances are to be made in the results of surgical
treatment in this disease these advances will be made
mainly with the aid of good radiological investigation.
'he radiologist may be unable to give the exact diagnosis
of tumour from the picture he sees but he will be able
to state that there is an abnormal shadow and this
announcement should at once set full scale investigation
into motion. With the advent of mass radiography one
expected that an advance in earlier diagnosis would have
been made but this has not proved to be the case and the
number of operable cases of malignant disease discovered
in this way has been most disappointing (Mason, 1949),
although a number of other space occupylng thoracic
lesions have been uncoveredl’z'
Any case which has a doubtful shadow seen on x-ray

should be bronchoscoped, as should any case which is

1. Case No. 7 page 420
2. Case No. 20 ©page 516
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thought to be a definite carcinoma which may be
operable. Ihis procedure will also give a fairly
accurate indication as to whether any tumour seen

is operable or not, particularly if it is a

proximal tumour. Bronchoscopy should always be
insisted upon when the tentative diagnosis is one

of unresolved pneumonia or pneumonia with delayed
resolution - a high proportion of these cases are
proved later to be due to carcinoma. Bjork (1947)
analysed 112 inoperable cases in one year at the

" Brompton and Cancer Hospitals and found the‘average
delay between the onset of symptoms and reference to
hospital was 8.4 months, delay of 3-4 months due to

the patient and 5 months due to the doctor.  lason
(1949) found a similar proportion of delay responsibility.
In this series of cases the average duration of symptoms
was just over 8 months (squamous epithelioma 8.1,
adenocarcinoma 6.6, undifferentiated 5.5).

If bronchoscopic examination is negative at the
first attempt it may later at a repeat examination give
positive findings. It should also be borne in mind
that granulation tissue proximal to tumour tissue may
be removed at the first biopsy, repeat biopsy may give

the correct findings (Jackson 1950 and Graham & Singer
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19%3); further that an oat-cell tumour biopsy does
not necessarily indicate that the main bulk of the
tumour is in fact of oat-cell type (Jones, 1947).

It 1s sometimes tempting to carry out a needle
biopsy 1n cases with a doubtful x-ray shadow but the
temptation should be resisted; as Churchill (1940)
points out the only justification for such a measure
is to determine the character of pleural fluid when
it 1s present and secondly when the tumour is already
clearly inoperable. It is a highly questionable
procedure to traverse with a needle the pleural space
and normal lung tissue in a tumour that may be operable.

The examination of the sputum and bronchial
washings for malignant cells by a pathologist skilled
in the histological technigue and accustomed by long
experience to looking for tumour cells in sputum can be
of great value and can foretell a high percentage of
correct diagnosis. In the Barnes Hospital, St. Louis,
I was told that in Evarts Graham's unit they obtained
positive findings in about 75-80% of cancer patients.

Positive surgical action should be taken to prove
the diagnosis. If, after all available ancillary
investigations have been carried out one is left with

a middle aged patient with a shadow in one lung of
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uncertain diagnosis, a thoracotomy should be carried
out and should be regarded as part of the diagnostic
procedure (Ochsner et al, 1947). ‘o wait until a
positive diagnosis can be made is to court disaster;
this 1s particularly true of shadows in the upper lobes.
As Rrienhoff (1947) puts it "thoracotomy is not another
form of euthenasia, as some physicians still seem to
think". At thoracotomy a lump is nearly always felt
in such cases and "the only safe thing to do with a
palpable lump is to remove it" (liason 1949); this
means that pneumonectomy or lobectomy will be carried
out unless the condition is too far advanced.
Inevitably by these measures a few lungs are removed
for such things as lung abscess and tuberculoma, but

as a rule, subsequent examination of the specimen will
often show that in any event this was the only possible
treatment for the pathological condition found; this Is
particularly true in chronic lung abscesst. At the
present time tuberculomata are frequently being dealt with
in a similar menner by thoracotomy and subsequent
lobectomy or segmental resection. In such cases the
youth of the patient, the course of the illness and the

appearance of the shadow are regarded as diagnostic

1. Case No. 136 page 1365
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gven in the absence of tubercle bacilli from the

sputum (a relatively common occurrence in

tuberculoma).
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Differential Diagnosis.

"I'he conditions which bronchogenic cancer may
simulate are legion" (Mason 1949).

As was already indicated in the discussion under
diagnosis, unresolved pneumonia, repeated attacks of
pneumonia and pneumonia showing delay in resolution
should all be suspect; they should be looked on as
probable cases of carcinoma of bronchus and measures
to confirm or refute this diagnosis should immediately
be taken. ‘the most important of such measures is
" bronchoscopy, no case of this kind should be allowed
to continue without this examination being carried out.
The persistence of a pneumonic process in a lung lobe
almost certainly indicates the presence of some obstruction
in the bronchus to that lobe and such persistent
obstruction in a middle-aged patient 1s probably though
not ine