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Introduction.

It might be asked how tuberculous empyema can'claim
a place as a subject for a surgical thesis.

Tuberculosis, more than any other disease in these
islands to-day, is the meeting ground of surgeon, physician,
pathologist, radiologist, medical officer of health, and
socialiworker.

The best chest surgeons are also good physicians
and chest physicians must know the indications for, and the
scope of, thoracic surgery.

The keyword in their line of attack is "rést". Each
of the many surgical procedures dévised against pulmonary
tuberculosis, apart from lobectomy or pneumonectomy, aims at
attaining local rest of the diseased part. The methods most
widely used, and which have stood the test of time, are
artificial pneumothorax and thoracoplasty. Although opinions
still differ on the matter,it is becoming more generally
realised that thoracoscopy and pneumonolysis are essential
accompaniments of successful artificial pneumothorax therapy.
The latter is a highly skilled and delicate surgical

manoeuvre.

As empyema is the most dreaded and the most intract- .

able complication of artificial pneumothorax it merits
research. Moreover, empyema is a fairly common complication
of lobectomy or pneumonectomy, and in many cases it requires
extensive thoracoplastic operations for its cure.

Because empyema is such a drawback in sanatorium,
and indeed in tuberculosis clinic, practice, I have chosen
it for special study, and I hope to show later that cases of
empyema should come under the care of thoracic surgeons at a
much earlier period than many of them do at present.

It will be appreciated that in such a chronic
disease as tuberculous empyema, opinions differ widely as to
its exact causation and treatment. The same divergence of

views is seen in the choice of cases for, and the management



of, artificial pneumothorax which is copnected, so intimately,
with tuberculous empyema.

This work covers an initial period of general study
of‘the problem at Glenafton Sanatorium, Ayrshire, from
January/1946 to March/1947, and then a period of intensive
work, detailed investigation and observation from lst.April/
1947 to date at Baguley Sanatorium, Manchester. The latter
hospital has 420 beds for pulmonary tuberculosis in addition
to a military wing of 120 beds. As Deputy Medical Super-
intendent I have worked in the team under Dr. Trayer, |
Physician Superintendent, and Mr. Graham Bryce, Consultant
Chest Surgeon for thec region, to both of whom I am indebted
for permission to carry out any research I desired.

It is my intention, as a result of personal observ-
ation, to try to make éome contribution, however slight, to
our knowledge of the condition. I shall try to place in
correct)perépective the factors concerned in its causation.
Then the management of the lesion will be described, and
finally I shall endeavour to show that one should adopt early

surgical as opposed to persistant medical measures.
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CHAPTER I.

Definition:

| The bibliography on tuberculous empyema is enormous.
Practically every article oh artificial pneumothorax therapy
or adhesion section mentions the name. The incidence and
prognosis varies widely in different writers' hands because
there is no strict criterion of what a tuberculous empyema
is. Gibbons (1) defines an empyema as "any collection of
fluid in the pleural space, containing bacteria".

Woodruff's (2) definition is "any turbid pleural fluid in
the pfesence of pulmonary tuberculosis or any fluid contain-
ing tubercle bacilli on direct smear." Coryllos (3) includes
as empyemata only "turbid and pus-like" exudates.

In one series of 155 cases with clear pleural fluids
throughout their illness in Baguley Sanatorium, only 26 had
tubercle bacilli, and 129 showed no bacilli at any time, by
direct smear and Ziehl Neelsen staining. If the 129 negative
fiqids had been concentrated and centrifuged they would have
yielded a few more positive findings. Similarly, good culture
technique or guinea-pig inoculation would have improved the
yield of tubercle bacilli positive cases. This is a well
established principle in tuberculosis work with pleural
fluids, sputa examination, and with pulmonary lavapce fluid
as I have repeatedly found. Close (4) noted that by improved
technique and cultural methods he found as many as 75% of 23
pleural effusions from young men of the Royal Navy to be
tubercle bacilli positive. Tergolina (5) found 87% of his
pleural fluids developine during artificial pneumothorax
treatment to be tubercle bacilli positive by culture on
Petragnani medium. I mention this t> show how the definition
of empyema given by Gibbons (1), etc., is not sufficiently
accufate. I have included in this work only cases of
pulmonary tuberculosis who had purulent pleural effusion,

and my definition of empyema is "pus in the pleural cavity".

This is important because the prognosis,4incidence, and
treatment of cases with clear pleural fluid and of cases with

pus,vary enormously. There are border-line cases in which a
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turbid serumbr honey-like fluid is present. A good working
rule which I have made is to note whether the scale markings
on a new 2 c.c. record syringe can be seen through the fluid
in the syringe barrel under a good light. If they cannot be
discerned the fluid, if not haemorrhagic, is classed as
purulent. If I have erred in my own cases as regards record
purposes, it has been On the side of omitting many border-
line cases from the series and classing them simply as pleural
effusions.

Initial investigation:

The first part of this investigation was to scan the
individual case records of 7,206 patients with pulmonary
tuberculosis who were in Baguley Sanatorium between 1/1/1929
and 1/1/1948. All the empyema cases were extracted; there
is no card index asystem ét present to facilitate matters.
The cases, drawn from Manchester for the most part, have
mainly advanced disease on admission and are all adult cases.
Children are not admitted to the Sanatorium. The total field
comprises 2,157 deaths and 5,049 who were discharged or left
the hospital for one reason or another.

Housing shortages, overcrowding, and poor social
conditions are common in the areas from which the hospital
derives most of its cases. Persons with positive sputum
living in overcrowded houses with children, or pafients in
common lodging houses, etc., get priority of admission over
early cases. This determines the case classification incid—
ence on admission.as R.B.2 - 62.0%, R.B.3 - 20.4%, R.B.1 -
2%, and all negative cases (mostly in the R.A.2 group) -
15.6% of the ahove total of 7,206 patients (Ministry of
Health (46)). Thus R.B.2 and R.B.3 cases comprise 82.4% of
all admissions for the past 20 years and this figure shows
the poor material with which we are working. 1In view of the
bad prognosis of such cases any sputum conversion is a real
gain and hence attempts at active treatment may be justified.

At the very outset this work gave a correct perspect-
ive of the problem of tuberculous empyema. As regards |

spontaneous pneumothorax cases the number developing empyema
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and the number escaping this complication were noted. No

detailed analysis of them was made as’the cause of the
empyema is obvious.

Each of the remaining empyemas was analysed under the
headings of - age at development of empyema, sex, case
classification at onset of empyema, duration of empyema, blood
sedimentation rate at onset, and the treatment adopted. It was
noted what condition predisposed to the empyema; if an arti-
ficial pneumothorax was concerned its course was analysed
under such headings as pyrexia on induction and the time of
onset of empyema from induction or from thoracoscopy. If
positive pressure refills were used this fact was noted and
the time of onset of empyema after such positive @ressure
was ascertained.

The outcome of each case of empyema was determined.
In a few cases where the patient had left the hospital this
was impossible, although an attempt was made to obtain the
information from the tuberculosis officers concerned. The
X-rays of each case, where available, were studied and
"reduction photographs were made by myself. Apart from those
in which tuberculous enpyemata developed, the numbers of all
other artificial pneumothoraces, with and without positive
pressures, were determined, and the numbers of those with
fluid effusion, sufficiently copious to warrant diagnostic
aspiration or to cover the hemi-diaphragm completely, were
noted. In this way it was hoped to find some common recurring
factor which when analysed would yield a clue to the most
prevalent modes of onset of empyema and the best way to
manage this intractable condition.

No work of this sort is of any value unless if is
known how many artificial pneumothoraces, radiologically
similar to those developing empyema, existed and escaped that
complication. Accordingly the other artificial pneumothoraces
during the period in question were analysed and sorted into
various groups. Table I gives the overall figures extracted
from the investigation. This table will be broken up into

separate parts later.
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Spontaneous Pneumothorax:

In the 7,206 éases of pulmonary tuberculosis reviewed,
spontaneous pneumothorax occurred in 82 cases apart from
artificial pneumothorax therapy. This represents an incidence
of 1.13%. Grancher and Hutinel (6) state that spontaneous
pneumothorax occurs in 1 in 100 old cases of pulmonary
tuberculosis. Of the 82 cases of spontaneous pneumothorax
51.2% developed purulent effusions and their subsequent course
was the same as that of empyemata developing from any other
cause. The remaining 4O cases of spontaneous pneumothorax
did not develop purulent effusion. In 25 of those cases the
lung was- re-expanded with no significant pleural effusion (i.e.,
not sufficient to warrant aspiration or to cover the hemi-
diaphragm). Eleven cases deveIOpedvfluid effusion, in some
patients containiﬂg tubercle bacilli, but this fluid was not
described as purulent. There were four deaths directly
attributable to the spontaneous pneumothorax, one of them
acCOmpanieﬁ by spontaneous haemo-pneumothorax. |

The small incidence of spontaneous pneumothoraces to
total hospital cases (1.13%) is explainable on the basis of
the advanced type of case with which we are mainly dealing.
The longer the pulmonary disease exists the more pleural
adhesions form and the more difficult is it for a spontaneous
pneumothofax t0 occur. Grancher and Hutinel (6) quote Weil
as having studied L6 caseéAof spontaneous pneumothorax and
4O of those occurfed in the first L months of the disease.

The percentage of empyemas due to spontaneous
pneumothofax, to 311 empyemata in Baguley Sanatorium during
the period, is 28.8%. The L2 cases of empyemata due to spon-
taneous pneumothorax were not individually aralysed. Once
they have developed; their course and prognosis are identiesal
with those of empyemata due to other causes.

The bulk of empyemata in the series, 104 in number
or 71.2% of the total empyemata, have been analysed in detail.
(Table 2). Of those 93 were associated with artificial
pneumothorax therapy and 1l were apparently due to causes

other than artificial pneumothorax or spontaneous pneumothorax.
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Therefore at this stage in the investigation it is clearly-
seen that the causes of empyema over a 19 year: period, in
this large sanatorium serving the City of Manchester, are in}
order of frequency - artificial pneumothorax therapy, spon--

taneous pneumothorax and a miscellaneous group (Table 3).

TABLE 3.
Causes. Numbers. % of total.
Artificial pneumothorax - 93 63.7%-
therapy.
Spontaneous pneumothorax. L2 28.8%.
Causes other than
Artificial pneumothorax 11 7. 5%.
or spontaneous pneumo-
thorax.
TOTALS: 146 100.0%.

A glance at column 3 of table 2 reveals that with
increasing artificial pneumothorax therapy the géneral trend :
is for the number of empyemas due to spontaneous pneumo-
thoraces, calculated as a percentage of the yearly empyema
total, to fall.

At this stage, in order to assess the true incidence
rate of empyemas in artificial pneumothoraces, it is
necessary to correct table 2 by subtracting from the numbers
those cases who were admitted with empyemata. To include
them, when their artificial pneumothoraces were commenced
elsewhere, would bg to give to00 highkan empyema‘incidence
rate in Baguley Sanatorium artificial pneumothoraces.

Table L4 makes this correction.
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TABLE 4.
L 2 D 4 ) 5 !
Total |NumbersCorr- |Beguley |No.of [Total |Total
empye- |of (1) |ected |[emye- |Bagu- |A.P.T.|Adhesion
Year. mas due to mas due | ley in Sections
admit-|artif- empy- |[to empy~- | the in the
ted. icial fmas [A.P.T. |emas | ner- |period.
pneumo-{due to |and not | within | iod.
thorax.lA.P.T. |attrite-| 3/12
therapy [table of
to adhes~
Adhesion | iotony.
Section.
1929-30 0 - 1 - 3 0
1930-32 { 1 1 L L - 15 0
1932-3L | O - 7 - 35 0
1934-36 0 - 10 10 - 62 0
1936-38 0 - 1 - 57 0
1938-40 | 1 1 L L - (" 2
1940-42 ] 3 2 10 8 2 60 3
Thou2-h4 | 8 7 8 6 2 86 12
l?hh—h6 6 6 10 5 5 11,9 2l
194L6-48 | 10 9 12 8 L 162 33
TOTALS: 29 26 67 5L 13 703 71.

With the hospital bed state remaining fairly constant

one can compare by graph the numbers of empyemas due to

spontaneous pneumothoraces (column 2, table 2) with the

empyemas, developing in Baguley Sanatorium, due to artifi-

cial pneumothorax therapy (column 3, table L).

Apart from two peaks in the periods 1932-34 and

1938-40 the trend of empyematavdue to spontaneous pneumo-~

thoraces is horizontal and the average is L.L4 per 2 year

period.
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A glance at the graph of empyemas following on '

artificial pneumothoraces shows an upward trend and the
column graph of numbers of artificial pneumothoraces done

in the corresponding periods shows a similar curve upwards.
In other words this proves conclusively that with increasing
artificial pneumothorax therapy in the type of case with
which we are dealing, there 1s a corresponding increased
empyema incidence. Artificial pneumothorax therapy is to-day
the commonest cause in the production of tuberculous empye-
mata. Indeed Freeman (7) goes so far as to state that‘tuber—
culous empyema is a new clinical entity which has only come
into prominence since értificial pneumothioraces were started.

In the period which we are reviewing (1st.January/
1929 - 1lst.January/1948) the percentage of those artificial
pneumothoraces which have been induced in Baguley Sanatorium,
and which have developed empyema, is 9.5%. That is to say,
artificial pneumothoraces without adhesion section or with
no adhesion section within 3 months of the onset of the
empyema. Similar artificial pneumotho:aces which have had
adhesion section three months or less before the onset of
empyema show anlempyema incidence of 18.3%.

I shall now point to the relationship between
empyema incidence and the incidence of pleural fluid (non-
purulent) in artificial pneumothoraces.

In order to settle the question as to whether or n@t
artificial pneumothorax refills to positive, as opposed to :
negative, pressures, were significant in causing pleural
effusions, 1 cawefu11§ studied refill charts in each artifi-
cial pneumothorax case not associated with e pyema and record-
ed those cases where a definite refill to positive pressures
had been given on a single occasion or at each refill. It
should be stated here that all the artificial pneumothoraces
recorded had existed for L4 weeks or over. Rafferty (8) states
in his classicél work that "most clinicians feel thut serious
complications are much more frequent with positive pressure
pneumbthorax - perhaps not the incidence of clear fluid,but

rather than of empyema and broncho-pleural fistula due to
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continued tension through and rupture of unsevered édhesions".
Ustvedt (9) states that a very common result of high pressure
pneumothorax is the appearance of pleural exudate and med-
iastinal displacement. Ulmar (10) states that his experience
does not bear out the impression that high pressure artifi-
cial pneumothoraces have more tendency to fluid. He thinks
that pregsure has very little, if anything, to do with the
actual appearance of fluid. This may be so with completely:
free artificial pneumothoraces such as one sees in dealing
with a hospital population in the R.B.1l class (the ideal
state of affairs). When dealing with cases such as ours
where over 80% of all admissions are in the R.B.2 or R.B.3
category,'free artificial pneumothoraces are in the minority
and I believe that positive pressure refills not only cause
increased fluid but are definitely dangerous.

Table 5 shows the relationship of non-puruleﬁt fluid
to artificial pneumothoraces with and without positive press}
ure refills. Table I gives the numbers in each class for the
various two year periods. Only fluid of sufficient quantity
to cover the hemi-diaphragm or to warrant aspiration is
counted. I have not included those cases where there is a

- minimal amount of fluid in the costo-phrenic angle.

TABLE 5.

Negative Pressure artificial pneumothoraces 366
without fluid.

Negative Pressure artificial pneumothoraces . 197

. developing fluid.
% negative pressure artificial pneumo-

thoraces developing fluid to all negative 55%.
pressure artificial pneumothoraces.
Positive pressure artificial pneumothoraces 22
without fluid. :
Positive pressure artificial pneumothoraces 25

developing fluid.
% positive pressure artificial pneumothoraces
with fluid to all positive pressure 53 2%.
artificial pneumothoraces. ,

Total artificial pneumothoraces excluding those
which had empyema. v 610.

Table 5 proves that in proportion, positive pressure
artificial pneumothoraces develop half as many clear fluids
again as artificial pneumothoraces with negative pressure,

i.e., the ratio is approximately 1.5 to 1.



Table 6 is constructed to show, for each ﬁwo year beriod
under review, the numbers of all artificial pneumothoraces
developing non-purulent fluid calculated as a percentage
of the total artificial pneumothoraces done (column 3). It
shows also, for the same periods, the numbers of corrected
Baguley Sanatorium empyemas calculated as a percentage of

all artificial pneumothoraces in the period (column 5).

TABLE 6.
1 2 EN 4 )
Total Artifi- [Percent- [Empyemas | Percentage
Year. lartifi- | cial age of (2) [due to of (4) to
cial pneumo- |to total |artifi- | total arti-
lpneumo- phoraces |artifi- cial ficial
thoraces} develop~-|cial pneumo-— pneumo-—
ing pneumo- |thoraces.| thoraces (1).
fluid. thoraces
(1).
1929-30 3 0 0% 33.3%
1930-32 15 6 L40% L 26. 7%
1932-3L | 35 11 31.4% 20.0%
1934~-36 62 22 35. 5% 10 16.1%
1936-38 57 22 38.6% 1.7%
1938-40 | 74 el 32 L% L 5.45%
1940-42 | 60 13 21.7% 10 16. 7%
1942-4k | 86 2l 27.9% 8 9. 3%
19LL~L6 | 149 L3 28.9% 10 6.7%
1946-48 | 162 57 35.2% 12 7. 4%
TOTALS:| 703 222 31.6% 67 94 5%.

As mentioned at the beginning of this'chapter the
dividing line between turbid fluids and thin pus is hard to
determine. I have included in the empyemata only fluids
definitely described as purulent. Turbid or cloudy fluids
were omitted from the empyema list. Allowing for this and
for the fact that over the nineteen year period studied,
different medical officers, with different ideas of what is
and what is not a turbid fluid, were concerned with the
aspirations, it is hardly logical to construct a graph
comparing columns 3 and 5 of Table 6. However;lit is inclu-

ded as a rough guide to the relationship to artificial

pneumothoraces of non-purulent and purulent fluids.
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Recorded Incidence of Tuberculous Empyema.

Having shown .the magnitude of the empyema problem in
this hospital, it is now pertinent to mention the incidence
rates of empyema recorded by various writers. The ﬁroblem is
confused by the varying definitions of empyema, ranging from
any pleural fluid containing tubercle bacilli on direct smear
to frank pus. Some writers do not even trouble to add a
definition to ﬁheir articles. Then again, whether or not an
artificial pneumothorax case has had adhesion section is
important, and here too there is no uniformity of definition
as regards when an empyema is attributable to adhesion section.
Some guthorities say 3 months, others & months, as the period
after adhesion section beyond which an empyema, if it develops,
is not attributable to the operation. Finally, many writers
fail to indicate the type of patients from which they draw
their material, i.e., early minimal chest lesions or advanced
cases. This is important as I have observed in the County of
Ayrshire where there were fewer empyemas and a tybe of case
treated earlier than in Baguley Sanatorium. Drash (11) drew
attention to this important point in his appraisal of closed
internal pneumonolysis in pulmonary tuberculosis. As previous-
ly proved with regard to simple effusions occurring in the |
course 6f artificial pneumotihorax therapy, refills to positive
or negative pressures may have sOmé bearing on empyema ;
incidence and this factor is rafely mentioned. Jacoboeus (12)
in 1923, describing his results with 130 cases of adhesibn |
section, noted a slight effusion or absence of pleural
exudate in 111 cases. A 1aéting exudate with pyrexia was:
present in 21 cases and true eépyema in 14 cases (10.8%). In
1927 Hayes (13) stated that 21% of artificial pneumothorax
cases developed purulent effusions. The following year
Peters (14), discussing his reasons for discontinuing arti-
ficial pneumothorax in 218 cases, stated that it was because
of a massive exudate in 2.8% and an empyema or ruptured lung
in 8.3% of the series. In 1929 Dumarest and Brette (15)
found that 86% of artificial pneumothorax cases developed

pleural effusions but this figure covers all types of effusion.
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Matson (16) in 1934 compared 3 methods of severing adhesions
in artificial pneumothorax. With the original galvano-
cautery technique of Jacoboeus, out of 136 cases he had
purulent exudates followins in 36 or 26..4% of the cases.
Using his own electro-surgical method he had a lower empyemé
incidence, i.e., with an unnamed high frequency unit out of
35 cases L4 or 1l.4% developed empyema. Using a Bovie high
frequency unit, in 78 operations he had an empyema incidence
of 2.5%. Weisman (17) in 1936 found effusions in 84% of 150
consecutive artificial pneumothoraces. U48% of those effusions
were of considerable amount and 67% of his patients had far
advanced tuberculosis. Weisman collected a series of reports
and noted from them purulent effusion in 5% to 21% of all.
artificial pneumothoraces, and clear effusions in 17.1% to 90%
of artificial pneumothoraces. Woodruff (2), whose definition
of an empyema is "any turbid fluid in the presence of'pulmon-
ary tuberculosis or any fluid containing tubercle bacilli on
direct smear",in 1937 analysed the development of 154 cases of
"empyema" sent to him for treatment by 12 different physicians.
While the article does not give the incidence of fluid in all
artificial pneumothoraces, it lets us know the relative

importance of the causes of effusion, viz:-

, Pleurisy|Spon- [Arti- |[Foll- [Infect-{Other
Developed| with tan- ficial |owing | ion and TOTAL.
from:- |effusion|eous |[pneu- |pneu- [after [un-
pneumo—mo- mono- |thora- |certain
thorax |thorax |lysis |co- causes
plasty
Cases 12 5 121 8 L L 15L.

Again in 1937 Drash (11) in his paper on internal pneumono-
lysis quotes Matson as having had a 12% tuberculous empyema
incidence in U480 artificial pneumothoraces. Drash himself had
no cases of pyogenic or mixed infection empyema ih his- series;
six or 2.6% of his cases developed tuberculous empyema and of
those only 1 developed it within less than 5 months after
operation. The longest time of devélopment after operation
was 30 months. As stated above my criterion for adhesion

section as the predisposing cause of empyema is that the latter

should develop within 3 months of the operation. Chandler (18)
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(1937) in an analysis of 210 consecutive adhesion section
operations found non-purulent effusions following operation
in 41 cases and emﬁyema in 8 cases (3.1%). Alexander (19) in
1937 cites the total empyema incidence following 111 adhesion
sections as 5.4% (6 cases), while transient fluid was seen in
31 cases and persistant fluid in 11 cases. In 1932 Brock (20)
described his results with 442 consecutive adhesiotomies.
His table is best reproduced for clarity. The total empyema

incidence is 2.8%.

Fluid formation. PDperations.| Percentage.
Nil. 232 6l1. 5%
Very small amount. 81 224 5%
Moderate. 29
[Much or persistant. 8
Purulent effusion 5 1.4%
(Tubercle Bacilli
" only).
Purulent (secondary 5 1. 4%
pyogenic organisms)i

It is noteworthy that Brock believes that all
artificial pneumothoraces should be made complete so as to
ensurc permanent and concentric collapse. This is, in my
opinion, highly important, and of course such complete arti-’
ficial pneumothoraces are very rarely obtained in conducting
artificial pneumothorax therapy on R.B.2 and R.B.3 cases.
Brock does not state the case claseification of his subject

matter.

In 1941 Cutler (21) produced one of the best
articles which I have seen on tuberculous empyems. He demon-

strated that mechanically poor collapses give rise to a much
higher percentage of empyemas than mechanically good collapses

when considered in similar stages of the disease. He consid-

ered "turbid or purulent effusions positive for tubercle
bacilii on direct smear'" as empyemata, and he also considered
the time factor in relation to onset of empyema from induct-
ion of artificial pneumothorax. As I have stated previously

all those points must be considered if the article is to be

complete, i.e., (definition of empyema, time factor and case



classification analysis). Unfortunateiy Cutler omits the
factor of refills to negative or positive pressures. Cutler's
tables are reproduced below. He analysed 476 artificial
pneumothorax cases, each of 6 months' duration or more, and
considered the incidence of tuberculous empyema without other
organlsms.

Group 1 were mechanically good artificial pneumothoraces wﬁere
the collapsed lung was not adherent to the chest wall. 17% of
this group were of 6 months to 1 year's duration and 83% were
maintained from i to 5 years. Pneumonolysis was performed 203
times in this group.

Group 2.Mechanically poor artificial pneumothoraces. The
disessed lung was adherent en masse or hy numerous Oor very
thick adhesions to the chest wall as seen by X-ray or

thoracoscopy.

TTotal [fota]Per-
TABLE I. © lcases.|T.E. |cen-| Stage 1. |Stage 2. Stage 3.
tage| Total|Total| Jotel [otal ';otalmb T%

cases |T. E.J%bjcases| T.E{ % Ekeses |T.E.

Group 1.
lechanically | 346 |24 [7.0] 45 | o lo|163|7 |lwo| 138 17 b2
fective N
srtificial
neumothoraces

Froup 2.
ﬁechanically
ineffective |130 |35 P.O| 6 | O |of Lo/ 9 p2.5 8Ll 26]3]
prtificial
bneumothoraces

TOTALS: 476 |59 |12.4 51 | 0 0}203]{16 |8.0 222| L3 |22

" Cutler points out that of the 130 cases in Group 2, 35
or 27% developed tuberculoﬁs empyema. as COmpéred with 7% in
Group 1, i.e., a ratio of 4 to 1, and he shows that this does
not coincide with Matéon's statement that pure tuberculous
empyema occurs with constant frequence irrespective of the
type of collapse obtained.

As regards the time factor an analysis of the 59 empy-
emata yielded the following data. In Group 1 the approximate
time of onset of the pus in the pleursl cavity after the in-
duction of artificial pneumothorax was from 3 to 53 months,
averaging 17.7 months, and in Group 2 from 1 to 32 months,

averaging 1l.3 months. Cutler concluded that if an empyema is
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going to develop we may expect it somewhat sooner in the

ineffective pneumothorax group as compared to the effective
ones, but the interval in months between the induction of
artificial pneumothorax and the appearance of empyema does
not differ materially in the two groups.

Goorwitch (22) discussing closed intravleural pneumono-
lysis as a contributory factor in empyema onset, in 194k,
regarded the operation as attributable if the complication
occurred within the first 4 post-operative weeks. In Goor-
witch's own series of 55 operations there were no cases of
tuberculous empyema or broncho-pleural fistula attributable.
9% developed pleural effusions not classed as empyemata.

‘In a general article in 1945 Vaccarezza et al (23)
found the total incidence of pleural effusion in 158 artifi-
cial pneumothoraces t0 be 55%. That same year Allen and Kelly
(24) reviewed 140 patients who had undergone artificial
pneumothorax therapy. Twelve of the patients had bilateral
pneumothorax. 46.9% of all cases developed clear effusion at -
some time during treatment but only 17 febrile effusions
occurred; there were 1 staphylococcal empyema and 2 tubercu- |
lous empyemata. Again in 1945 Laird (25) writing from Clare-
Hall, Middlesex, made a valuable contribution to the subject.
He records 455 thoracoscopies in 325 artificial pneumothoracés.
Coﬁplications within 3 months of thoracoscopy were 15 pleural
effusions. 12 tuberculous empyemata and 1 haemothorax. Laird
attributes the low complication incidence to the fact that
artificial pneumothoraces are not induced "until the acute
phase of the disease has subsided and until the sedimentation
rate (Westergren) is below 20 m.m. in the first hour". This
may be to a larg¢~extent true, but reading vetween the lines
of this article one can picture the early type of case being
treated from the fact that in 12 artificial pneumothoraces no
adhesions were found on thoracoscopy, and in 170 cases it was
possible to divide all adhesons in 1 to 3 sessions. This is a
state of affairs one does not find in dealiﬁg with R.B.2 and
R.B.3 cases. (From talks with various Clare Hall medical

officers my surmises on an earlier type of case beins treated
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there, than here in Manchester, have been proved correct). |
Jones (26) in November 1945 reviewed 509 adhesion section
operations. In 22 cases moderate serous exudate, and in 13‘
cases empyema, developed. This represents an empyema incid-
ence following adhesion section of 2.6%. Sdderhjelm (27)
at this time renorted an empyema incidence rate of 7.5% in
pneumothorax treatment. His empyema total, due to artificial
pneumothorax therapy., was 113 cases. In June 1946 Joynt (28)
analysed the results in 277 consecutive cases of tuberculosis
having 348 adhesion section operations. 16 cases or 5.8%
developed a purulent effusion. Paquette (29) in November
1946 concluded that 95% of tuberculous empyemata arise as
complications of artificial pneumothorax. His 617 cases of
artificial pneumothorax had purulent effusions following in
58 cases or 9.L%. )

| In 19,7 several articles relating t- empyema incid-
ence rates appeared. Murphy (30) in 88 artificial pneumo-
ihoraces performed 96 adhesion section operations. That he
was dealing with a treatable type of case can be deduced
from the fact that in 48 patients (50% of total pneumonolyses)
there was complete division of all adhesions seen. The fluid‘
complications were 22% with serous accumuiations of a
transient nature, 2% with purulent effusion., and 2% with
broncho-pleural fistula.

Gibbons (1), whose definition of empyema is "any
collection of fluid in the pleural space containing bacteria',
reviewed a pOpulationkof 1,02l patients of whom 663 or 67.7% |
"had artificial pneumothorax therapy. Of those latter 78 or
10.2% developed "all types" of empyema but only 10 or- 1.5%
developed "purulent empyema". The material with which
Gibbons was working comprised 18.2% of minimal cases, 50.7%
moderately advanced and 31.1% of far advanced cases.

Moore and Watt (31) in 820 adhesion section
operations saw 4O cases with appreciable post-operative
bleeding. I mention this article because it points to the
incidence rate of empyema in haemothorax ~“ollowing bneumono—
lysis. 14 of their 4O cases of haemorrhage, i.e., 357%,

developed empyemna.
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Watt (32) reported 820 adhesion section operations

on 557 different pétients. Complete pneumonolysis was obtain-
ed in 235 cases, nearly complete in 90, partial in 239, and
slight in 23 (again indicating a reasonably early type of |
case which they were treating). Early pleural effusions
occﬁrred in 125 cases and late effusions in 83 cases.
Empyemata occurred in 10% of all cases. 8% of early effusions,
2L4% of late effusions, and 35% of haemothoraces became puru-
lent.

In August 1947 Kunstler (33) reviewed his results with
654 adhesiotomy operations on 500 artificial pneumothoraces.
In 17 cases an empyema developed within 6 months after
 operation, i.e., in 3.4% of cases.

Andosca and Foley (34) reviewed the results when 612
cases of artificial pneumothorax were thoracoscoped and 533
pneumonolysis operations were performed. 17.2% of cases had
considerable serous effusions. The total empyema rate was
25.1%, comprising 11.6% of tuberculous empyema and 13.5%
mixed infection empyema.

Wollaston (35) reported thoracoscopy and division of
adhesions in the cases of 393 patients. The lung was free from
the mediastinum above the arch of the aorta in 272 cases,
giving selective collapse. Selective collapse with the lung
adherent to the mediastinum was obtained in 77 cases, and
there was unsatisfactory collapse in Ll cases. 106 cases had
sufficient effusion to require aspiration. Empyema developed
in 26 cases or 1l.6%. From the number of cases in which the
author obtained freedom of the lung from mediastinum above
the arch of the aorta, and frqm his statement that on dis-
charge 336 patients were sputum negative, I conclude that he
must have been dealing with an early type of case which
explains his low empyema incidence.

Bayliss (36) writing from Sydney, Australia, reported
an empyema incidence of 6.2% in 268 thoracoscopies with 225
adhesion sections (12 of those occurred within 8 weeks of
operation and 2 over 8 but within 16 weeks). Bayliss summar-

ices, in table form, the findings of ceveral authorities on
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empyema incidence following adhesion section, and I reprod-

uce his table here.

No.of ' Type of Empyema.
Author. Patientsd Tuberculous | Pyogenic Total.
and
Mixed.
No. | % No. % |lo. %
[Anderson and 87 L 2 6 7.2
Alexander.
Brock. 202 5 5 10 2.3
Chandler (1lst. 89 3 I 71 7.8
series).
Chandler (2nd. 68 1 0 1 1.4
series).
Drash. 230 6 0 6| 2.6
Edwards & Lynn. 226 32 - 32 |13.5
Goorwiteh (L 373 - - 31 8.3
surgeons).
(collected series).
Matson. 249 Ll - L1l |16.5
Newton. , 1,48 3 - 3 2.0

: Finally Day, Chapman and O'Brien (37) in January 1948,
analysing 1,000 consecutive operations of closed intrapleural
pneumonolysislon 923 patients, report a total empyema incid-
ence of 5.3%. This includes early and late cases.

On rzading the foregoing pages it will be noticed how
the question of empyema incidenge in artificial pneumothorax
therapy has come to be that of the incidence in relation to
internal pneumonolysis. ThatAis because thoracoscopy and
adhesion sectioh has become such an integral part in artifi-
cial pneumothorax treatment, anc¢ the freedom or otherwise of
a collapsed lung, from adhesions, makes all the difference
to the ultimate outlook both as regards sputum conversion
and intrapleural complications.

I am convinced that figures of empyema incidence can
be comparable only when (a) the definition of empyema is
standardised, (b) the case classification of the subjects
treated is analysed, (c¢) the time facﬁor as t> when an
empyema ies or is not attributable to adhesion section is

constant and (d) tle prescures (positive or negative) of
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artificial pneumothorax refills are recorded. Véry few
workers fill to positive pressures now. | .

In addition, many personal factors such as operstional
technique and aftercare, and differing clinical judgments and
experience, play an important part in various clinicians'
hands.

Incidence of Empyema after Lobectomy and Pneumonectomy:

For the sake of completeness I will add a few refer-
®nces to the incidence of empyemata occurring after the
removal of tuberculous lobes or lungs. Sometimes those
operations are done with the deliberate intention of erad-
icating tuberculous foci as in one of my cases ,(Cases 10X,
10K and case M.G., mentioned in the section on tracheo-
bronchitis in the major bronchi, para 'D'). Very often a
lobe thought to be the seat of uncomplicated bronchiectasis
is later found to have tuberculous foci.

Sweet (38) in 1946 summarised the complications in
27 lobectomies and 36 pneumonectomies for tuberculosis. In
the 27 lobectomy operations he had 1 tuberculous empyema
without bronchial fistula as an early complication, and 1
early staphylococcal empyema. In the 36 pneumonectomy oper-
ations his early complications were 1 tuberculous empyema
with bronchial fistula and 1 staphylococcal empyema. Late
complicgtions of pneumonectomy were 2 tuberculous empyemata
without bronchial fistula. That is to say, in 63,operationéwrj
he had 6 empyemata or 9.5%.

Overholt, Langer, Szypulski and Wilson (39) re;orted'
on their results in 192 patients who had 200 pulmohary re-
sections between 193 and April 1946. This article cannot be
summarised briefly and therefore I will quote it extensively.
The main argument is that they have cut down the empyema
incidence‘following operation by better technique in dealing
with the bronchial stump and by using a facevdown; hips
elevated, position with intratracheal suction of secretions
during the operation. (This also pr:vents bronchogenic soread

to the contralateral lung). The meticulous bronchial closure

implies (1) division as near the main carina as possible to



leave a very small bronchial pouch which might act as a

sump for secretions. This also permits of goQd stump re-

traction into the mediastinum. (2) Suture of the bronchus

so as not to interfere with its blood supply, and the use of

a pleural flap.

In Group 1 there was no standardised routine for

bronchial structures. A "tourniquet technigue" was often

used and usually no pleural flap.

" In Group 2 a pleural flap was used and individual

ligation of the hilar structures.

Group 3 cases had this meticulous detail given to

bronchial closure, and in addition Overholt's face down,

elevated hips position.

The results are as shown in the following tables

and they show how the empyema and broncho-pleural fistuls

rate has fallen.

GROUP III.

Complications GROUP I. GROUP II.
of 1934~Jan.1/42. Pan.1/L2-31.3.44]31.3. 4 -
5.4.46.
Lobectomies. 7 Lobectomies | 27 Lobectomies|35 Lobectanies
No. "% No. %  |No. %
Tuberculous .
empy ema .
£a§With fistula ) L2.8 1 3.7 0 0.0
b)Without " 0 0.0 0 0.0 0 0.0
Non-Tuberculous
empyema.
gazﬁwft‘"h"fistula. 2 28.6 0 0.0 0 0.0
b)Without 0 0.0 0 0.0 0 0.0
Temporary fistulg 2 28.6 1 3.7 0 0.0
Permanent fistulal 3 L2.8 1 3. 0 0. ‘
Complications GROUP I. GROUP II. GROUP IIJ]
of 11 Pneumonect- L7 Pneumonect- |69 Pneumon-
Pneumncnectomies. omies. omies. ectomies.
No. % No. % No. %
[Tuberculous
empyema.
(&a)With fistula 1 9.1 2 4.2 2 2.9
(v)without " 0 0.0 1 2.1 5 7.2
Non-tuberculous
empyemna.
(a)With fistula 0 0.0 0 0.0 o} 0.0
(b)Without " 1 9.1 L 8.5 1 1.4
Temporary fistulg 0 0.0 0 0.0 0 0.0
ermanent " 2 18.2 2 L.2 2 2.9
Flceration of
Bronchial Stump. 0 0.0 1 2.1 1 1.4
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Bfantigan (40) in 1945 presented 9 case reports ofv
lobectomy for tuberculosis with no instance of pleuro-
bronchial fistula or empyema. His late end results were un-
known. ‘

In 1947 Bailey}(ul) gave his results from lung re-
section on 80 patients with pulmonary tuherculosis. His total
empyema incidence was 16 cases.

Carr and Harter (42) in 10 lobectomy and L pneumon-
ectomy operations for pulmonary tuberculosis had 7 deaths
and tuberculous empyema in 5 of the fatal cases.

Those few references serve to show that tuberculous

empyema has to be reckoned with as a complication of

pulmonary resection in tuberculosis.

CHAPTER TII.

CASES OF EMPYEMA NOT DUE TO ARTIFICIAL PNSUMOTHORAX
OR_OBVIOUS SPONTANROUS PNRUMOTHORAX.

A glance back at Table 3 (page 9) shows that 104

empyemata were nbt due to obvious spontaneous pneumothorax.
They comprise 93 cases following artificial pneumothorax
therapy-and 11 cacses stated to be due to causes other than
.artificial pneunothorax or spoﬁtaneous pneumothorax.

In this chapter I propose to énalyse the causal
factors in those 104 cases, starting>with the 11 cases not
apparently'attributable to spontaneous pneumothorax or
artificial pneumothorax. (Case numbers are 1B, 2D, 2G, 3A,
3F, LA, 7E, 8F, 10F, 1OK; 1OX. See end of volume for
individual case summaries).

Careful study of the earliest X-rays of cases 3A and
LA, before any needling of the chest was done, shows in each
case a fluid level ihdicating the presence of air. Those
cases, then, are due to silent spontaneous pneumothoraces
with no clinical evidence of this event, and might properlyA
be added on to the figures of empyemas due to spontaneous
pneumothoraces.

Case 2D was an empyema following Pott's disease of

the thoracic spine, one of the rarer causes of empyema.



27

Muir (L43) mentions the possibility of this occurrence, the
parietal pleurae being first involved.

Cases 10K and 10X were due to operative removal of
tuberculous lobes, intentional in the latter case, but in
the former it was only after operation that the tuberculous
nature of the lesion was ascertained.

This leaves 6 cases not explainable on the above
grounds, and incidentally their early films are not avail-
able for 3 of the cases (10F, 8F and 7E) developed empyema
abroad and in the other 3 cases (1B, 2G and 3F) the X-rays
cannot be traced. In case 1B the empyema followed on
"advanced pulmonary disease'". Case 2G had empyema slowly
developing in the place of greenish pleuralbfluid. She had
only an R.B.1l classification at the onset of empyema.

The remaining cases 3F, 7E, 8F and 10F had empyema
following on acute tuberculous broncho-pneumonia.

' The fact remains that of a total of 1L6 cases of
purulent empyema in the 19 year period under review we can
exolain the exact natufe of the onset of all but six of them,
i.e., (spontaneous pneumothorax - L} cases, artificial
pneumothorax therapy - 93 cases, operative removal of
diseased lung - 2 cases, and Pott's disease of the thoraciec
spine - 1 case).

It is significant that the clinical history of 5 of
the remaining six cases is that of extensive caseous pneum-
onia before the empyema developed. In four of them post-
mortem examinations were made and the caseating nature of
the lesions in thé parenchyma verified. The final question
is, then, whether it is possivle +to have an empyema follow-
ing tuberculous disease of the lung without a leak of air
(spontaneous pneumothorax) or whether a spontaneous pneumo-
thorax is present in every case of insidious empyema onset.

Muir (43), discussing tuberculoeis of the pleurae,
states that apart from actual perforation, pyogenic organisms
occasionally invade the pleural cavity and give rise to

empyema.
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Taylor (Lli1) states that empyema may succeed previous
serous pleurisy. In 13 cases of this type studied, the
duration of the serous-pleurisy, before empyema was diagnosed,
was 11% months; thre 1ongeét period w:=s 3 years and the
shortest It monthes. Case 2G above is in this category.

Fishberg (45) on the other hand states that "whenever
purulent effusions occur in tuberculous patients I am sus-
picious that a latent pneumothorax had existed and this is
often overlooked. In most cases of empyema in phthisical
subjects I have been able to discover roentgenographic
evidence of an air pouch above the level of the fluid."

‘The point at issue is not just an academic one as the
.presencé or otherwise of a fistula affects the prognosis. My
own experience points to there being a spontaneous pneumo-
thorax present in the“vast majority of cases of empyema of
insidious onset.

ANALYSIS OF DATA RELATING TO THE 104 CASES OF EMPYEMA UNDER
REVIEW.

Age and sex: The average age of the patients at the onset of

empyema was 26.7 years, the youngest being 16 years (case 6F)
and the oldest 49 yecars (case 7K). The cases comprised L5
males, average age 28.2 years, and 59 females, average age
5.5 years.

Like pulmonary tuberculosis as a whole,.tuberculous
empyema is affecting people in the young adult age groups.

Case classgification at onset.

Seventy-six cases (73%) were in the R.B.2 group and
25 cases (24%) were classified R.B.3 at the onset of the
empyema. R.B.1l, R.A.2 and R.A.1l cases each accounted for one
case of empyema (3% total). The R.A.l case concerned (No.3F)
was one of the eleven cases previously analysed‘and not
associated with artificial pneumothorax or spontaneous pneumo-
thorax. It was later proved tuberculpus. The R.A.2 case (No.9F)
followed on an artificial pneumothorax and was later proved

tuberculous.
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Analysis of the case classifications of the 610
artificial pneumothoraces which did not develop empyema
(Table 2, column 11) shows.that on induction 73.7% were R.B.2
caces, 23%.1% were R.B.3 cases, and R.A.1l, R.A.2 and R.B.1
cases,_together, anly constituted 3.2% of the total.

Table 7 summarises the numhers of cases in the various.
classes (Ministry of Health (46)) calculated as a percentage
of the total admissions to hospital betweén lst.January/1929
and 1st.January/19u8. It shows, too, the numbers of empyemas,
calculated as a percentayge of- the total, developing in each
class of case (the class being recorded at the onset of
empyema) and lastly, the analysis of all artificial pneumo-
thoraces which did not develop empyemas.

TABLE 7.

Case Classification. RA.1,RA.2|R.-B.1|RB.2] RB.3| RB.2 & RB.3.

Numbers in each class
calculated as a % of | 15.6% 2% |62% [20. L% 82.4%
7,206 cases studied, : '

1929 - L8.

Percentages of 104
empyemas in each 2% 73% | 24% 97%
clasc.

Percentages of 610
artificial pneumo- C3.2%. 7% 7h| 23.5% 96. 8%
thoraces in each
class.

The table merely proves that an advanced type of casél
is, in the main, being treated, and that fhe majority of all
artificial pneumothoraces are_induced on R.B.2 and R.B.3
éases. Similarly most empyemas develop in those advanced
cases.

Pleural cavity involved.

Empyemsz was found on the (R) side in 42 cases and on
the (L) side in 62 cases. LL4% of all artificial pneumo-
thoraces not developing empyema were present on the (R) side
and 56% on the (L) side. When the incidence of artificial
pneumothoraces in each side was analysed in relation to the
sexes, an interesting fact emerged that in women the percent-
aze of (R) artificial pneumothoraces which lasted over one

month was 39% while 61% were on the (L) side. In men the
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numbers of artificial pneumothoraces were.approximately

equal on each side.

Sex incidence of empyemas.

59 of the cases occurred in female patients and the
remainder (45 cases) in males.

Refills t0 mean positive pressures.

As Table 5 (page 13) shows, artificial pneumothoraces
that are conducted with mean positive pressures develop half
as many non-purulent fluids again as artificial pneumothoraces
conducted with refills to negative pressures.

Of the 93 cases of artificial pneumothorax developing
empyema, 24 cages had refills to mean positive pressures.

In most of the cases the mean pressure was jusﬁ on the
pésitive side of atmosnheric pressure, €.g., -3 + L, -3 + 5,
or -2 + L cms. of water. In many cases it is impossible to
say that the refill to a positive pressure had any relation-
ship to the empyema onset as for instance one case where

the empyema came on 36 weeks from induction and 32 weeks

from a refill of -2 +4 cms. HpO. In other cases the positive
pressure is beyond doubt responsible for the emoyema, €ege s
case 8B where a contraselective right artificial pneumothorax
ran for 4 years uneventfully. Then a single positive
pressure refill of -2 +8 cms. water was followed by pus in 3
weeks and death of the patient in a further 6% months.

Similarly - case 10L had a left artificial pneumo-
thorax with adhesions, running for 15 months, when a single
positive pressure refill of O + 10 cms. water caused an
empyema in 1 week.

Case 10.0 had a (R) empyema developing 1 month after a
positive pressure refill of +4 cms. water, and 1 year 5 months
from partial adhesion section or 2% years from induction.

Also in cases 3C, 3E, 3G, 3H, 3I and 1A, mean positive
pressure refills appear to be closely related to the onset of
empyema.

There is no doubt that refills to positive pressures

are harmful and dangerous. If adhesions are present, which
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they nearly always are in advanced cases, the lung is traums-
tised by the constant tugging at the point of insertion of
adhesion to visceral pleura. Thus devitalised, caseous foci
are liable to form there, and the adhesion may tear apart,
causing superadded spontaneous pneumothorax. As examples,
like cases 8B, 10L and 10.0 above-mentioned, prove, a
contraselective artificial pneumothorax due»to adhesions is
always‘a potential danger to the patient, and even a small
positive pressure refill accentuates the risl. Also in
artificial pneumothorax therapy on R.B.2 cases, it is rarely
possible to cut all adhesions and obtain a free artificial
pneumothorax (see Table 8). A study of the cases shows that
the majority of positive pressure refills were given in the
early years of artificial pneumothorax therapy. We 4o not now
refill to mean vositive pressures, if possible. Nevertheless
we still see cases of artificial pheumothorax sent in from
clinics and other institutions where '"compressive" as opposed
to "relaxing" artificial pneumothorax therapy has been the aim,
and the results are often disastrous. (I ao not propose here
to enlarge onrthe malpractices of conducting refill clinics
without screening control or of permitting the matrons of
small sanatoria to give refills in the absence of medical
officers).

Blood Sedimentation Rate readings at onset of empyema.

In only 53 of the cases was the Blood Sedimentation
Rate record, at the onset of the empyema, available (wide
bore method). The range of values was wide, being 45 mmfhour in
the highest value (case 8.0) and 10 mm./hour at the lower end
of the scale (2 cases - 10L and 10X). The average Blood
Sedimentation Rate at onset of empyema was 23 mms./hour.
Those figures are of no diagnostic import for uncomplicated
cases of pulmonary tuberculosis, when progressing, show an
identical range of Blood Sedimentation Rate wvalues. Also it
is a well recognised fact that pleural inflammation in
pulmonary tuterculosis is apt to be attended by a rise in

Blood Sedimentation Rate whether the effusion is purulent

or otherwise.



Pyrexia at Induction.

In the 93 cases where the empyema followed on the
induction of én artificial pneumothorax, there was pyrexia
present, as shown by persistant elevation on the'temperature
chart for at least a week before induction, in 34 cases.

27 casegfiere apyrexial on induction of the artificial
pneumothorax, and in 32 cases, who were mostly admitted with
empyema, there were no tempersture records.

Perusal of the case records shows that the pres-
ence of pﬁrexia at‘induction does not necessarily mean an
early onset of empyema in each case. However, the trend is
for the onset of empyema to be earlier where there is pyrexia
at induction than if the patient had no elevation of
temperature. For instance, when cases with adhesion sectioné
or positive pressure refills ére removed from the 3.4 cases
who had pyrexia at inductién, 14 cases are left. Ih them the
mean time of empyema onset from artificial pneumbthorax
induction was L.l months. When the 27 cases who had no
pyrexia at iqduction are similarly treated, the mean time of
onset of empyema from induction, in the remaining 1L cases,
was 9.6 months.

Laird (25) stresses the importance of delaying
the induction of artificial pneumothoraces until the acute
phase of the disease has subsided. Ustvedt (9) prefers to
temporize for a while in the face of high fever in the hope
that rest may reduce the temperature to normal, before
induction. However, he states that high'fever is not an
absolute contra-indication, althoﬁgh an endeavour should be
made, as far as possible, to initiate active treatment
during a favourable phase of the disease. Rafferty (8) states
.that an acufe, pneumonic type of disease ;s a definite contra-
indication to artificial pneumothorax.

Persistent pyrexia and elevation of Blood Sedi-
mentation Rate above its normal limits indicate activity of
the tuberculous process, and it seems more sensible to keep

the pleural surfaces together in such an event rather than to

J& .
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separate them by artificial pneumothorax, if it is desired
to cut out the risk of fluid formation or empyema. In those
cases phrenic crush and pneumoperitoneum are often of valué
in place of artificial pneumothorax as an initial method of
active treatment.

Radiological appearances of Artificial Pneumothoraces
regponsible for empyvemata.

Ninety-three of the empyemas in the‘series were due
to‘artificial pneumothorax therapy. Of those, 26 cases had
-their artificial pneumothoraces induced elsewhere, and were

admitted with empyema. Nevertheless it was possible to obtain
X-ray records of the type of artificial pneumothorax which
existed before empyema onset in 78 cases. Scrutiny of those
X-rays and of the X-rays of other artiiicial pneumothorax
cases not developing empyema, has shown me that it is
possible to divide’ the cases according to radiological
appearances into five main groups which are illustrated in
Talle 8. (Table 7 shows the percentages of all artificial
pneumothoraces in each class of case).

Group I represents a "free artificial pneumothorax". There
is concentric collapse of the lung which comes freely away -
from the hilar region without apical or mediastinal adhesiohs.
Semi-aeration is present and no areas of gross opacity or
visible cavitation.

Group II. Here there are adhesions visible between chest
wall and lung, or apico-mediastinum andrlung. Those cases
have cavities, in some cases honeycomb in type. There is,
however, no "ground-gslass"like, ﬁilkonpacity present.

Group IITI. Here adhesions are present between the lung and
chest wall and there is a "eoround-glass" opacity of a lobe
or an entire lung but no visible cavities.

Group IV. has adhesions between lung and chest wall,"ground-
glass" opacity of a lobe or entire lung, and cavity or
cavities visinhle on the X-ray.

Group V is an apparently free artificisl pneumothorax with

"ground-glass'" like upper lohe containing a cavity.
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It will be at once seen (Section A, Table 8) that
7h.l% of the empyemata arise from artificial pneumothoraces
in Group IV. Of the 58 cases of empyemata from artificiél
pneumothoraces in Group IV, 28 cases arose within 6 months,
and 30 cases longer than 6 months, from artificial pneumo-
thorax induction.

Section B of Table 8 shows the results of an analysis
of a sample of 201 artificial pneumothoraces in which empyema
did not develop. The majority (57.7%) or 116 cases are in
Group IV. 67 had no fluid‘copious enough to cover the hemi-
diaphragm or to warrant aspiration, while 49 developed non- -
puruknt fluid. The table shows how many of the artificial
pneumothoraces lasted over one month but under six months,
and how many lasted over gix months.

Turning again to Section A of Table 8 we see that
Group II artificial pneumothoraces accounted for the next
high incidence of empyema (12 cases or 15.4%). Similarly,
Section B shows that 25.L4% of the other artificial pneumo-
thoraces were in this Group.

Group III accounted for 10.3% of empyemas in fﬁe .
sample. 1l.4% of all other artificial pneumothoraces fell
into this Group.

The free artificial pneumothoraces in Group I and
Group V numbered together 11 cases or 5.5%, and no empyemata
were found arising from this type of artificial pneumothorax;’
There is no necessity to elaborate this further. A glancé'at

;Table 8 reveals the position better than words.

Thus Groups II'and IV accounted for the majority
of all artificial pneumothoraces between them. Most émpyemas
followed this type of artificial pneumothO?ax and most of the
non-purulent pleural fluids. When they are analysed they are
seen to have two things in common -

(a) +the presence of adhesions;
(b) the persistence of cavities;
i.e.y they are contraselective,artificial_pneumothoraces.
The most important group of cases, Group IV, has, in

addition, that "groundi-glass" like, milky,radiological



appearance round the vomica. It follows, therefore, fhat we
must probe the pathology and significance of this radio-
logically milky area and the role of adhesions.

It is clearly seen by studying Table 8 that the cases
with cavities and "ground-glass" appearance (Group IV) are.
more dangerous than those artificial pneumothoraces in Group
ITII where there is only "ground-glass'" appearance and no
cavity visible. The behaviour of cavities after artificial
pneumothorax induction points in many cases to a valvular
factor in the draining bronchus. I therefore propose to study
tracheo-broncnial tuberculosis in the next chapter and thev

role of adhesions in Chapter IV.

CHAPTER IIT.

TUBERCULOSIS OF THE TRACHEA AND BRONCHI.

In recent yeafs there has been an ever increasing
bibliography on this subject, particularly from French and -
American sources. There is no uniformity of opinion regarding
the clinical significance and the incidence rates of tuber-j
culous tracheo-bronchitis.

It is in collapse therapy, esvecially artificial
pneumothorax treatmént, that the condition is of most
importance. Some authorities (Rafferty (8), Fernandes and
Castello Branco (47) and others) go so far as to.urge a
bronchoscopic examination before an artificial pneumothorax
is induced. In this country very few centres do this as a
routine procedure. Shortage of theatre staff and of trained
bronchoscopists, ancé long waiting lists, at present preclude
this ideal in all but the most up-to-date centres. If
tuberculous trachee-bronchitis is so important in artificial
pneumothorax therapy, has it then any relationship, as a
causal factor, to empyema? Is it, for instance, the cause of
the complete collapse of a whole lobe that one sometimes sees?
Will it prevent a collapsed lung from re-expanding? Does
tuberculous bronchitis help to produce that ominous balloon-

ing of a cavity one sometimes observes after artificial
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pneumothorax induction or adhesioh section? Those, and
many other matters, claim our interest because the aboﬁe
phenomena are so often associated with the formation of
fluid, pus or broncho-pleural fistula.

It is proposed to mention, at this stage, the
incidence rafes reported by éeveral writers. As far back as
1924 Heaf (48) noted tracheal abnormalities, varying from
oedema of the mucoéa to general ulceration of the whole
surface, in Ll of 133 post-mortem studies.

Two years later Ovhuls (L49) surveyed 3,000
autopsy records and found that 10% of all active.casés had
infections of the bronchi or trachea from parenchyﬁal
tuberculosis. His fioures are of little or no value because
at some of the post-mortems no special attention had been
paid to the presence or absence of such lesions. (For this
very reason the 0ld post-mortem records of Baguley Sanatorium
were of no use to me in my researches into this particular
subject. It is only recently, with increasingly common
artificial pneumothorax therapy, that the subject is assuming
great importance andpeople are looking for such lesions).
Since I became interested inthe subject I have personally
removed trachea, lungs and main bronchi intact with a special
view to studying the tracheo-bronchial condition.

From 1,226 autopsy studies Heinze (50) found 8% .
of tracheal tuberculosis. Willigk (50) and Dambromilsky (50) -
found tuberculous changes in the trachea in 1.6 and 25.2% of
cases respectively, while Peloso (50) noted changes in the
upper air passages in all cases of tuberculosis.

| Clerk (51) in 1931 advocated bronchoscopy in
pulmonary tuberculosis cases to diagnose unexolainable signs
and symptoms but was of the opinion that it ﬁas a rare event
to find a tuberculous involvement of the mucosa of the larger
bronchi as a part of pulmonary tuberculosis. No less an
authority than Graham (52) in 1935 stated that he had failed
to find involvement of the mucosa of the larger bronchi in

any of the cases that he had bronchoscoped.




Vorking in Mexico city, Acuna (53) made a bronch-
oscopic study of 279 selected patients with pulmonary
tuberculosis. Tuberculous tracheo-bronchitis was found ip |
29.7% or 83 cases. Those were listed as granulomatous
ulceration (52 cases), tuberculomz and other hyperplastic
lesions (18 cases), solitary ulcer (9 cases) and fibro-
stenotic lesions (L cases). In 85.4/% the bronchi were
involved, in 7.2% the trachea alone, and in 2.4% the carina
wis affected.

Salkin, Cadden and Edson (54) found a L4O%
incidence of tracheo-bronchial tuberculosis in 125 consecu-
tive autopsies of patients who died of pulmbnary tuberculosis.
In a series of 622 consecutive bronchoscopies 15. 5% were
affected.

Goléman, Bruhn and Ackerman (55) at 100 post-
morten examinations found bronchi draining cavities grossly
affected in every case. They also studied»the problem of
tracheo-bronchial tuberculosis from a bronchoscopist's view-
point and disclosed evidence of involverent of a major
bronchus in about one third of the cases. By the latter method
of examination the most common positive findings were oedema
and small haemorrhages, while it was less common to find
ulcerations or tubercles or granulomatous masses.

McIndoe, Steele, Sampson, Anderson and Leslie (56),

\

analysing 272 unselected cases of pulmonary tuberculosis,
found the incidence of tracheal or bronchial tuberculosis to
be 11%, while Rafferty (8), in his classical work, states
that it is now recognised that specific disease of a majdr
bronchus is associated with pulmonary tuberculosis in 11% of
all cases and 1is, therefore, a common oroblem; finally,
Fernandes and Castello Branco (47) found that 39% of the
cases submitted to collapse therapy had tracheo-bronchial
lesions bronchoscopically. |

Those then are come of the findinvs re incidence.
As I previously stated there is divergence of results. We can

divide the lines of research into post-mortem studies and

bronchoscopy 6f the living subject. The former procedure
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deals. in the main with one class of case, R.B.2 or R.B.3,
and is open to the objection that post-mortem changes, in
the presence of sputum in the air passages, quickly supervene
and alter the appearance of the tracheo-bronchial mucosa. For
this reason I have done all my post-mortems as soon after
death as possible.

Bronchoscopy is an ideal method of assessing the
incidence of the condition, but unfortunately it is not
usually stated in articles, in what clinical class the
patients belong. This, in my opinion, is most important for
the case with much sputum soon develops a chronic bronchitis
with patent mucous cland ducts, and lays the way open for
submucosal invasion with Koch's bacillus, as opposed t> the
case in Group R.B.1l, with little or no sputum and intact
ciliae.

Because of the early post—morteﬁ changes in the
‘bronchial mucosa in the preéence of pus the logical procedure
is to make a histological eéxamination as well as a macros-
copic one. This I did when there was any doubt about the
appearances of the_mucbsaf Chiavppe (57)s in June 1947,
published work on thoSe'same lines, while my investigations
were in progress. He studied histologically the main or
large bronchi which were macrosgcopically free from tuberculous
lesions in 20 patients who had pulmonary tuberculosis.
Specific lesions were present in 5 cases and non-sgpecific
lesions in 9 cases. Later Sweany and Behm (58) made a post-
mortem study of 667 cases, many of them histologically, and
found an overall incidence of tracheo-bronchiazl tuberculosis
of 72%.

Finally, the great difference between bronchoscopy
and post-mortem analysis is that in the former method the
bronchoscopist on the average sees as far as the origins of-
the pectoral bronchus and the common stem to the apical and
sub-apical bronchi in the left upper lobe. In the left lower
lobe he may see the origins of the anterior, midcdle and
posterior basal bronéhi and the lower lobe apical bronchus.

In the (R) upper lobe he sees the origins of the pectoral,



apical and sub-apical bronchi and in the (R) lower lobe the
origins of the cardiac bronchus, the 3 basal bronchi and the
lower lobe apical bronchus. The origin of the (ﬁ)'middle
lobe bronchus is seen anterior to the latter.

With post-mortem study the distal and finer bronchi
may be quickly slit oven with pointed scicsors and as I shall
show later the incidence of bronchitis in those smaller
bronchi in the affected lobes is very high. TUnless a definite
distinction is made of the region exariined the incidence is,
therefore, bound to be hicher in post-mortem studies ‘as

opposed to bronchoscopic findings.

TABLE SUMMARY: Percentage Incildence.
Post- | Bron-
Anthor. 0. 0f cases. mortem| chos- Remarks.
study.| copic
study.

Heaf. 133 70 - -

Ophuls. o 3,000 10% - Figures of
little value.

Heinze. 1,226 8% - -

Willigk. - 1. 6% - -

Sweany & Behm. 667 72% - Histological
and macros-—
copic study.

Dambromilsky. - 25.2% - -

Peloso. - 100% - -

Clerf. - - - Small %

General

Graham. , - - Negatmeg remarks.

rindirps

)Acuna. 279 - 29.7%

Goldman, Brunn & 100 100% - ; P.M. findings

Ackerman. - - 33%. were of
bronchi
draining

h . cavities.

McIndoe, Steele, 272 - 11%

Sampson,Anderson

& Leslie.
Rafferty. - - 11% General
: ) remarks.
Fernandes & Castello - - 39%
: Branco.

Chiappe 20 - - 25% had
specific
lesions

_ , histolygically.

Salken, Cadcden & 2125 L,0% -

Edson. 622 - 15.5%
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Types of tracheo-bronchitis and their possible bearing on
enpyema.

From my own experience of the condition based on

post-mortem, clinical, and a limited number of bronchoscopic

examinations, the following lesions occur in those bronchi

within bronchoscopic vision and in the trachea. Laryngeal

-

involvement was excluded because the structure of the
larynx offers a site where sputumn may lodge. (I purposely
" make a distinction in the size of the bronchi because
tuberculous bronchitis is much more common in the smaller
bronchi and, I believe, relatively more important).

A. Generalised bronchitis with here and there small

specific ulcers.

B. Solitary ulcerations in the absence of gross,

general bronchitis.
C. Complete fibrous stenosis of a bronchus.
D. Partial fibrous stenosis, often with intermittent
atelectasis of distal lung, bronchiectasis and
a large septic element due to intermittent blocking.
E. Nodules of tuberculous granulation tissue.
. Endo-bronchial ulceration from pressure and erosion by
a caseous, softening hilar lymph gland.
G. Stenosis of a bronchus from pressure from without and
no endo-bronchial ulceration.
Let us discuss each of those lesions from the point of
view of a possibie bearing on tuberculous empyema.

A. In cases of advanced pulmonary tuberculosis chronic,
non-specific bronchitis is common. Starting with acute
bronchitic episodes engendered by the copious muco-purulent
secretions in the bronchi, the mucous glands in the bronchial
submucosa hypertrophy. The ducts become wider as is readily
seen in histological sections and infection with pyogenic
organisms in the first instance occurs in the glands. A peri-
adenitis follows and the wnole mucosa is inflamed. The
muscular and elastic tissue is soon destroyed and replaced
by fibrous tissue and young bhlood vessels. The bulk of this

crutnucosal cellular rezctisn and its pressure on the ciliary




layér causes an atrophy of the latter which is finally
replaced by flattened, squamous epithelium. Large areas
of bronchial wall lose their ciliae and thus the onward
movement of secretions 1is hindered. The final atrophy of
the mucosa leads to gentle undulations in the course of the
bronchi and secretions tend to collect in the wider parts
and to stagnate and cause further cough and softening of
the wall. This condition predisposes to bfonchiectasis and
‘emphysema.

This common finding is ordinary, non-specific,
chronic bronchitis. It is of the utmost importance in
artificial pneumothorax therapy, for the chronic and per-
sistant coughing is one of the factors involved in the
production of a tension cavity associated with artificial
pneumothorax, even after complete adhesion section, and as
I have stressed, such a cavity, associated with pneumothorax,
is a danger signal re broncho-pleural fistula and empyema.
We are discussing the bronchi within bronchoscopic vision
and I have mentioned bronchiectasis which is usually in the
more distal bronchi, but it will be apnreciated that chronic
bronchitis usually affects all the bronchial tree.

At intervals tubercle bacilli reach the submucous
layers and the enlarging, resultant tubercle follicle may
ulcerate into the lumen, causing small, greyish specific
ulcers. The photograph from post-mortem No.4 shows this
fairly common finding of chronic bronchitis with solitary
tuberculous ulcers. In the section through this ulcer there
igs a widely patent mucous duct by means of which tubercle
bacilli could easily have invaded the submucosa. I have no
definite proof,'however; that this is the sole means of
infection of the submuéosa- In this particular case there
is a small lymph gland showing extensive tuberculous involve-
ment, deep to the ulcer, in the outer coverings of the traches
and not included in this photomicrograph. Infection could
Just as well have passed from a lung focus via the peri-

bronchial and para-tracheal lymphatics to this node and
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thence to the submucosa. (Such spread is possible if we
remember the spread from a peripheral Ghon's primary focus
to the hilar lymph glands via peri-bronchial lymphatics in
the formation of Ranke's primary complex). Indeed Reichle
and Frost (59) think that infection passes from lung
parenchyma or peri-bronchial alveoli via veins or lymphatics
to that lobule of the mucous éland which lies external to
the cartilage and related to peri-bronchial alveoli.

The photomicrograph, from a section throush the
base of this ulcer (No.l), shows the intense lymphocytic and
polymorphonuclear invasion of the mucous gland and its
surrounding tissues. The.ﬁain duct is wide and contains
cellular debris. A tuberculous giant cell is visible on the
left side of the mucous duct. High power examination of the
area shows that numerous endotheliod cells are present too.

A study of many slides through such bronchi shows
constant findings. The spééific, tuberculous ulcers commence
with aggregations of cells deep to the ciliary layer. Thoée
cells are 1ym§hocytes and plasma cells (slightly larger than
the former, with peripheral nuclei and often eosinophilic
protoplasm) and endotheliod cells. This is the "proliferative
phase" in. the proéuction of a tutercle follicle. I have
repeatedly observed that the ciliae soon disappear when such
a cellular aggregaﬁe ;g-present beneath them. HFurther
enlargement of tﬁé tugeréle leads to the appearance of caseous
material in the wall of the bronchi and giant cells,
(photographs 2, 3, 4 and 5). The mucous glands.especially
are surrounded and infiltrated with plasma cells and lympho-
cytes. On either side of the ulcer normal cilize are seen.
There is usually a secondary septic element superimposed and
the debris in the bronchial :lumen contains polymorphonuclear
leucocytes which are also found in the granulation tissue
which now appears and breaks up the regular muscle bﬁndles
in the bronchial wall. By this time wide areas of bronchial
wall lose their ciliae anc the final shrinking of the sub-
mucosal sranulation tissue lezds to a general widening of the

lumen.
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Photograph No.2 (L.P.)} is from a section of the draining

bronchus of right lower lobe vomica and outwith the area of
bronchosco?ic vision in case 10X. It was removed at operation.
It shows wide round cell infiltration of the submucous area,
involvement of mucous gilands ané disruption of the muscle
lines. X marks a proliferative tuberc’e follicle. The

ciliae have vanished over this area. At tle bottom of the

picture a corner of a cartilage ring is evident.

Photograph No.3 (H.P,) shows the centre of area X in the
preceding photograph. The peripherai zone of lymphocytes and
plasma cells is evident and the endotheliod cells in'fhe
centre.

Photograph No.4 (from post-mortem No.5) is from the right

apical bronchus. 2nd. degree bronchus, which was macrosco-
pically involved. An L.P. view, stained by Mallory, it shows
a thinning of the bronchial wall and vascular granulation
tissue in the submuecous layer. There is a: area in the
submucosa packed with round cells, the surface of which is
devoid o7 ciliae an.’ ulcerated.

Photograph No.5 is an L.P. view from a section of the drain-

ing bronchus of the left apical cavity in post-mortem No.2L.
"' denotes the lumen of the bronchus. The surface ciliae
heve gone. (High power examination of the cellular infil-
tration of fhe mucosa reveals many lymphocytes, plasma cells,
endotheliod cells, and occasional giant cells." . “C" gdepicts
an aresz of caseation in the submucosa.

Excess of czseous material in the subrnucosa leads to
the caseous bronchitis described by Pagel and Henke (63) or
Eloesser (61) or Sweany and Belm (58). The cartilage rings
become surrounded by caseous zreas ant tubercle folliecles
in some areas and & perichondritis is produced. This is a
common finding and photograph Ho.2 shows an early stage of
it. Cartilaze appears to be recistant at “irst and one some-
times sees thickering of the perichondrium. Later the

cartilasge is eroded anu revlaced b & caseous mass.



In post-mortem No.20 (B.M., 27 years) the origin of
the left upper lobe bronchus was partially stenosed by a
fibrous ring (chronic perichondritis) and on longitudinal
section of the bronchus the cartilage was plainly visible
and could be felt by scraping with the edge of a scalpel in
the centre of the fibrous ring. In other caces section of a
bronchus reveals the cartilage ring, still resisting, bathed
in a collar of caseation. I mention this type;of lesion in
detail because I believe that it would be almost impossible
for a’ggig bronchus to be so structurally weakened that it
would collapse or kink when an artificial pneumothorax was
induced.

In my opinion the importance of chronic bronchitis
with individual tuberculous ulcers, as regards.those bronchi
visible by bronchoscopy, is in (a) the coughing produced and
(b) the retention of secretion made possible by loss of
ciliae. As I have mentioned above, chronic bronchitis plays
a much more ominous role in the smaller and medium sized
bronchi outwith bronchoscopic vision. We shall discuss them
shortly.

B. Solitary ulcerations in the absence of gross general

bronchitis.
I have seen those ulcers in the upper end of the

trachea when viewing the vocal cords by laryngeal mirror.
They may exist at lower levels. Histologically they resemble
the'tuﬁerculous ulcers previously described. It is rare not
to find some degree of chronic bronchitis in such cases. They
may be a cause Of persistently positive sputum and .of ggggg,
and therein lies their importance. Dumarest et al (62)
describe a case of large solitary ulcer of the right lower

bronchus which was the chief source of a positive sputum.

C. Complete fibrous stenosis of a bronchus.

I, personally, have come across only one example
of this in a bronchus which could have been visible broncho-
scopically. I have, however, had wider evidence of the
condition (by bronchogr?m and post-mortem studies) in more

distal bronchi.
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Pagel and Henke (60) describe stenosis or definite
closure of the lumen of”the affected bronchi by retracting
scar tissue in what they call'“productive tuberculous
bronchitis". The case I saw was in post-mortem No.l (r.Cc.,
55 years). This man had a fibrotic 1éft upper lobe from
01ld healed disease. The apex of the lung was extensively
adherent to the chest wall. The entire left upper lobe
bronchus was stenosed from the extreme limit of bronchoscopic
vision onwards and there was a cyst-like space, perfectly dry,
marking the site of an old cavity. It could not ecollapse
owing to fibrosis around it.

Coutts (63) described a case where the lel't main
bronchus became completely stenosed following left arti-
ficial pneumothorsax therapy, and on bronchoscopy not even a
scar wss visible to mark the original opening. Before
induction a film showgd'a large area of mottling around the
left root." The artificial pneumothorax, maintained for 3
years, was complicated by several attacks o atelectasis in
the left lune and fluid formation.

. Complete fibrous obliteration. then, of a main
bronchus is rare, and the question of artificial pneumothorax
therapy would hardly enter into such a case once the stenosis
had developed so that associated empyema must be very un-
likely. In the case described by Coutts the complete stenosis
came on after the artificial pneumothorax was abandoned.

D. Partial fibrous stenosis, leading to narrowing of the

lumen of a bronchus, is much more common than the preceding
variety. Clinically the patient often suffers asthmatical
attacks or pyrexial upsets with cough and wheezing. The
latter tends to be more marked on one side than on another.
Secretions may accumulate in the lobe distél to the obstruct-
ion and recurring episodes of pneumonitis occur with pyrexia,
maléise and polymorphonuclear leucocytosis. As the bronchial
walls become weakened with stagnant secretion, and as the
cough persists, bronchiectasis forms, often aided by the pull

from outside the bronchi of fibrous tissue in lung repeatedly
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attacked by inflammatory episodes. It has been my experience
that artificial pneumothorax therapy in the presence of
bronchiectasis is always a bad risk, especially if there are
tuberculous cavities distal to the diseased bronchial area.

An example of partial, fibrous stenosis of the larger
bronchi was seen in post-mortem No.20 (B.M.,27 years). At
the origin of .the left upper lobe bronchus there was a partial
narrowing. This was due to a fibrous ring in whose centre was
.a cartilage ringt Sections through this area showed fibrous
tissue and granulation tissue in which giant cells of tuber-
culous type were present. This patient's history (she was
admitted with left empyema) indicates a tuberculous broncho-
pneumonisa with effusion. There was probably a small spontan-
‘eous pneumbthorax then. After aspirations two discharging
sinuses formed in the left chest wall but they eventually
healed, although the empyema cavity was unobliterated. The
explanation of this rare event was that she developed a large
communication between her left upper lobe vomica and the
empyema cavity., and thereafter coughed up her pus.

Another case of mine (M.G., 20 years) had a primary
tuberculous complex. Enlarged right hilar glands preséed on
the right lower lobe bronchus. There was collapse and
fibrosis of the right lower 1oﬁe. Subsequently, after 1%
years, the X-rays showed a decrease in the size of the enlarged
right hilar glands but a bronchoscopic examination revealedAa
narrow, fibrous stenosis of the main bronchus to the right
lower lobe, and bronchograms revealed bronchiectasis beyond.
She was persistently tubercle bacilli plus. At one point
the wall of the right lower 1lobe bronchus must have been
ulcerated and sutsequent healing caused fibrous stenosis.
Lobectomy done at Hairmyres Hospital revealed a shrunken,
collapsed an¢ posteriorly placed right lower lobe. It waé
adherent to the diaphragm. This patient eventually developed
a broncho-pleural fistula and basal empyema for which she had

to have further operative treztment. (Six months after

admission a right artificial pneumothorax had heen induced



but abandoned as it proved unsatisfactory).

Lemoine (6L4) stresses the importance of the
bronchiectasis that often follows fibrous stenosis and states
that when tuberculous cavitation is present distal to the
stenosis, the prognosis is grave. He thinks that any form of
treatment is likely to be of little avail. Andrews (65)
described two cascs of involvement of the main bronchi. There
was tuberculous ulceration with caseation necrosis and
stenosis.

In the case of partial fibrous stenosis of those
bronchi visible bronchoscopically the relation they have to
empyema production is as follows ~ (a) chronic cough and
retention of sputum can set up a valve effect and produce
ballooning of distal cavities, and (b) bronchiectasis or
atelectasis from intermittent blocking of the region can
pfoduce serious complications in artificial pneumothorax
therapy from the secondary septic element involved. Recurring
pneumonitis leads to permanently collapsed and [ibrotic lungs
which, when an artificial opneumothorax space is present,
affords a constant free pleural space - a potential danger
in the face of pulmonary tuberculosis. Dumarest, Le Tacon
and Varin (62) support those views. They describe 4 cases
of ineffective artificial pneumothorax due 10 main bronchial
stenosis, and conclude that this type of lesion contra-
indicates artificial pneumothorax therapy, as does Jacobs (66)
in his article on "The Unexpandable Lung".

Reichle and Frost (59) descrihe the development of
fibrosis of a main bronchus;'this is merely an extension of
the process I have described in section A.

McConkey (67) has described an extreme case of
progressive stenosis of the trachea where suffocation ensued
and many writers have reported cases of partial stenosis of
largeAbronchi.

Thus Epstein and Ornstein (68) report several cases
in the main bronechi and one where the trachea was narrowed

1.5 cms. above the carina, while Farber (69) describes two



cases Of partial main bronchial stenosis and unexp:zndable
lungs following artificial pneumothorax.

Both Eloesser (61) and Coryllos (70) stress the
importance of this form of stenosis in the larger bronchi,
and the former points out that dyspnoea is the outétanding
symptom, many of the cases being blassed as "asthmatics" or
"chronic bronchitics with bronchiectasis or emphysema."

E. Nodules of Tuberculous Granulation Tissue.

On several occasions I have seen this phenomenon.
One case in particular was that of a girl with a recently
induced, free left artificial pneumothorax. The upper lobe
(which had minimal mottling only, before induction) became
progressively collapsed and airless. A mass of tuberculous
granulation tissue was revealed bronchoscopically, obstruct-
ing the lumen of the common stem to apical and sub-apical
bronchi, and after two applications of 5% Ag.NOz the lobe
became re-aserated. The danger in an atelectatic lobe is the
secondary pneumonitis which often appears. With a free
pleural surface fluid or pus formation recadily occurs. This
type of tuberculous bronchitis then, in the main bronchi, has
a potential connection with empyemé causation in relation to
artificial pneumothorax therapy.

Examples of granulation tissue masses are repqrted
by Epstein and Ornstein (68), Eloesser (61), Schonwald (71),
Werner (72), Ballon (73) and many others. Clinically cough,
persistently positive sputum if the mass is uvlcerated, and
dyspnoeic or asthmatic bouts are common. The pafhological
events in distal lung depend on whether the obstruction is
incomplete, intermittent or complete. In the latter event
atelectasis occurs as happened in my case described above.
Incomplete obstruction may lead to emphysema in peripheral
parts or to pneumonic episodes and bronchiectasis.
Incidentally this type of lesion appears to respond best to
local applications of Ag.NO3, etc. (Since writing this
section I have had admitted to hospital a girl with unexpand-

able right lung of long standing, {ollowing spontaneous
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pneumothorax. An empyema is present and bronchoscopy reveals
tuberculous granulation tissue masses in the distal part of
the right main bronchus and protruding from the right upper

lobe bronchi).

F. Endobronchial ulceration from pressure of a caseous,

hilar lymph gland.

Tuberculous lymph glands of all shapes, sizes and
- degree of consistency are found in routine post-mortem
exsminations in the hilar and para-tracheal positions.

Pressure on bronchi with resulting atelectasis (the
so-called epituberculosis) is a very common occurrence in
relation to primary tuberculosis. I have seen two such cases
where the glands sof'tened and discharged thelr contents into
the bronchus. When the pus was coughed up the .lesions slowly
healed. Several other instances of this phenomenon have
come 1o éy notice.

Cases foo, have been described, where a calcareous
mass has ulcerated into the trachea or a main bronchus and
projected into the lumen (one type of false broncholithiasis).
zahn (74) in his review of 71 cases of broncholithiasis
reoorted ub to 1946 in the literature, states that the
principal method of dilagnosis 1is by bronchdscopy when the
calculus is seen protruding into the lumen. He describes
fully a case with calcified hilar glands which ulcerated
into a main bronchus with subsequent expectorationvof pleces
of calcium. There was no parenchymal disease. The clinical
signs and symptoms of protruding calcareous masses, which
must be very rare, are similar to those of masses of
granulation tissue. Zahn states that L45% show bronchial
obstruction clinically or radiographically.

Aufses and Neuhof (75) in their description of
chronic tuberculous mediastinitis and medizstinal Iymph-
adenitis also mention this formation of broncholiths and
state that when the calcium mass is removed the ucer heals
and partial fibrous stenosis results. This interesting

article mentions casecs where a softened lymph node has

discharged its contents into both bronchus and oesophazus



(with or without an associated traction diverticulum in the
latter) and has produced a broncho- or tracheo-oesophageal
fistula.

G. Stenosis of a main bronchus by pressure from without and

no endobronchial ulceration.

The pressure t> which Irefer is mostly derived
from the presence of enlarged hilar or paratracheal lymph
glands. Cormon in relation to the primary tuberculosis of
childhood and adolescence, it is also seen associated with
advanced re-infection types of the disease.

Post-mortem No.1l9 (K.Sz, 25 years) showed a shrunken,
slate-blue, left lung. The left upper lobe was extensively
cavitated. The left lower lobe held a large vomica with
necrotic walls and evil smelling contents. The lung between
cavities was airless. There was a large firm mass of fibro-
caseous lymph glands situated paratracheally. One such gland,
the size of a pigeon's egg, was firmly attached to the
anterior wall of the left, lower lobe bronchus just below its
origin fron the left main bronchus. The pressure of this
gland had narrowed considerably the lumen of left lower lobe
bronchus but not to the point of complete obstruction. There
was no endobronchial ulceration. This was a permanent semi-
occlusion and the mucosa of bronchi distal to the obstruction
was plum-coloured, (possibly due to fibrous contraction around
the gland obliterating peri-bronchial vessels). There was
slight bronchiectasis in the left lower lobe bronchi and
much secondary sepsis in the lung as evidenced by the
particularly offensive contents of the lower vomica.

Rafferty (8) lists distal anaerobic infections as a
common sequel of artificial pneumothorax therapy in the face
of tracheo-bronchial tuberculosis. Montanini (76)'mentions
glandular compression as one of the extra-bronchial causes of
stenosis and occlusion of the bronchi. It is prohable that
the gland mentioned above in Post-mortem No.l9 at a previous
more acute phase of its evolution had completely obstructed

the left main bronchus, causing atelectasis of the left

lower lobe, and that with the fibrosis and shrinking of the
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gland the lumen regained part of its patency.

In post-mortem No.21 (J.E., 26 years) a similar
condition was seen.'Here there was a large'firm gland on
the under surface of the left main bronchus. It was
stretched firmly, as if under tension, between under
surface of the bronchus above and pericardium below, and
had caused an inward bulging of the bronchial wall without
any ulceration of the latter. This gi»l at one time had a
left artificial pneumothorax which was complicated by
atelectasis of the entire left upper lobe and ballooning of
the left middle zone cavities. There were many adhesions.
which could not be divided. Clear, greenish, pleural fluid
formed and the artificial pneumothorax was abandoned. There
was partial re-exvansion of the left lung but a shift to the
lef't of heart and mediastinum closed the pleural cavity
before empyema proper developed. The post-mortem showed a
contracted, slate-blue lung as in post-mortem 19, with
bronchiectasis in the lower lobes. The lung between the
cavities was carnified, not, I am convinced because Of
atelectasis from complete obstruction of ‘a bronchus, but
because the semi-obstruction had caused pneumonic episodes
and sputum retention. On carefully looking back at serial
films of this girl the narrowing of the left main bronchus
could be constantly noted before and after her artificial
pneumothorax therapy.

I stated above that I am of the opinion that it
must be almost impos sible for a main bronchus to be so
structurally weakened by disease in its wall that it would
collapse or kink when an artificial pneumothorax is produced.
I believe, however, that a case like post-mortem No.Z20,
where the bronchial wall was intact, offers an ideal chance
for a bronchus to be narrowed during artificial pneumothorax
therapy. Bronchograms on semi-collapsed lungs show a
crowding together towards the mediastinum of the lower and
basal bronchi. In the case of the left msin bronchus above,

the s01id gland beneath would act as a wedge or fulerum,
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and the tendency of the bronchus to descend would accentuate
the bulge into the lumen and further limit the aeration of
lung beyond and lead to sputum retention.

Brock (77) states that it is the right middle lobe
bronchus which is most 1likely to be obstructed by erlarged,
tuberculous, lymph plands, but he mentions the left upper
lobe bronchus and lower lobe bronchi as als? heing liable to
be compressed by the many glands which surround them at their
origins. The two exanples guoted above confirm the possibility.

Those, then, are the types of tracheo-bronchial
tuberculosis (in areas able to be viewed with the bronchos-
cope) which I have seen either bronchoscopically or at post-
mortem. When present they are undoubtedly important as
adding to the risks of artificial pneumothorax therapy,
particularly the empyema risk, by virtue of the cough they
cause or their interference with aseration and drainage. I do
not entirely subscribe to the views of Gramazio and Tosi (78)
who believe that massive lobar atelectasis in the course of
artiTicial pneumothorax therapy with adhesion section, has a
favourable influence, by virtue of fibrosis, on the healing
of tubereculous lesions. The all important point as we have
seen (Table 8, Chapter II) is whether or not a cavity is
present in the lobe.

Rafferty and Shields (79) studied 4O cases of
bronchial tuberculosis diagnosed bronchoscopically and
treated by artificial pneumothowrax for the pulmonary lesion.
There was a fatality rate of L42.5%. Atelectasis occurred in
17 cases (L43%) soon after indiction and re-expansion was
usually impossible. An aerobic infection of distal lung was
seen in 7 cases (17.5%), tuberculous empyema in 17 cases (L3%)
and unexpsndable lung in 9 cases (23%).

Chamberlain and Gordon (80) had a 50% empyema
incidence in cases of tuberculous bronchitis treated by
"artificial pneumothorax.

Howerer, I think an ecually, if not a more impo~tant,

type of tuberculous bronchitis is that ol the smaller and
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distal bronchi and the bronchioles, which cannot be seen
with the bronchoscope, as I shall endeavour to prove.

Tuberculous bronchitis in bronchi and bronchioles beyond

bronchoscopic vision.

As stated previously Goldman, Brunn and Ackerman (55)
found that bronchi drainins cavities were affected in 100% of
cases. Most writers comment on the high incidence >f bron-
chitis in the distal bronchi without attempting to assess its
significance. No less an authority than Pinner (81) states
" that "the significance of mucosal lesions in the smaller and
smallest bronchi still nceds much further study".

| From personal exvperience and from the study of the
large number of empyemata in the Baguley Sanutorium records,
the commonest danger signal in artificial pneumothorax therapy
is a lobe or part of a lobe, often surrounding a cavity; with
"gpround-glass" radiological appearances; I have repeatedly
mentioned this "ground-glass" like or milky, homogeneous
opacity which one often sees when an artificial pneumothorax
has been induced on unsuitable cases. The same thing is seen
when an artificial pneumothorax is induced, where there is
obviousvtubercnlous'broncho-pneumonia and the whole lohe or
whole lung quickly assumes a milky look, often with hazy lung
edges and early disaster in the form of pleural effusion
which rapidly becomes purulent. But short of this gross form
of pneumonia one must remember that in the vicinity of any
large vomica, provided it is not too chrbnic, one fihds small
areas of the essential tuberculous pathology - aggregations
of lymphocytes, plasma cells and endotheliod cells with
scattered giant cells (tubercle foliicles) and here and there
ereas of caseation in the vicinity of the vomica. I have
repeatedly examined what were macroscopically healthy parts
of lobes, witi the microscobe, and I have been impressed
with fhe extent of the disease around a vomica.

In the subsequent discussion "atelectasis" means
collapse of previously aerated lung and not “congenital air-
lessness” which is its literal meaning. The bronchi draining

cavities are almost always a’fected with tuterculous
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artificial pneumothorax is present, before an empyema
develops, and yet no increase in the size of the concomitant
cavity. Indeed, sometimes whole lobes are like this and no
vomica visible radiolo-ically (see Table 8). Can fibrosis
cause the appearance? In unsuitable cases when an artifi-
cial pneumothorax is induced the milky appearance comes on
far too auickly to be due to fibrosis, and moreover, if the
- physician or surgeon abandons the artificial pneumothorax
.quickly, in many cases the lung will re-expand showing that
it had not been held in its small volume by fibrous tissue.
(Fibrosis, of course, eventually supervenes, but not in the
stage which we are considering).
A theory is advanced by Dufourt, Despierres and
Emery (82) that atelectasis is produced in artificial
pneumothorax, empyema, and after adhesion section by trauma
on the pleura causing the bronchial musculature to contract
reflexly. This, combined with the presence of an excess of
mucoid secretion, closes bronchi which have a small or medium
calibre. My subseguent histological studies show that in the
bronchioles atelectagis helped by a mechanical factor and
tuberculous bronchiolitis is concerned and there is no
necessity to evoke the help of spasm to explain the phenomenon.
It is pertinent at this stage to congider some
findings of experimental workers. Charr (83) produced
artificial pneumothoraces on twelve rabbits and maintained
them from 1 week to 10 months, which latter is a long period
in the life of a rabbit. Gross and microscopic studies were
made of both tre collapsed and non-coliapsed 1uhgs. The
author wanted to find if long continued artificisl pneumo-
thorax would produce pulmonary fibrosis, vascular sclerosis,
bronchial occlusion or pleural thickening. Each of those
“headings are important in the present study of empyema. All
the animals had pleural thickening. The collspsed lungs were
dark red, fleshy, and smaller than normal. The important
thiné is that in those healthy lungs which had been collapsed

alveolar collapse was most marized in the centre portions of
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the lung rather than in the periphery. Also re-expansion
was more complete and rapid in the peripheral zone of the
lung.

Kourilsky and Anglade (8L4) produced atelectasis
in dogs by either ligaturing a bronchus or by causing
endobronchial obstruction with small pieces of ru*bef or
laminariae. They observed that endobronchial obstruction
caused immediate changes in the chest. The affected side
was less mobile and the mediastinum was displaced to the
obstructed side and thevcorreSponding hemi-diaphragm
elevated. Irf the foreign bodyv was exvelled before 20 hours
there was no density in the lung parenchyma afterwards.
Ligation of a bronchus was followed by the appearance on
the X-rays of a diffuse, moderately dense, homogeneous
shadow, partly due to a marked hyneraemia with vasodil-
atation. The 1ungrcou1d be re-aerated even after a few
weeks without any sclerotic changes. In the absence of
sepsis a long-standing collapse produced no marked fibrosis
and the authors considered that fibrosis in long-standing
atelectasis usually denotes a superimposed acu%e or chronic
infection -of the atelectatic lobe.

My histological studies of tubercqloué bronchitis
showed that very early in the diseased area superimposed
secondary sepsis sodn supervenes, and if there 1is any
bronchiectasis present, secondafy sepsis in the air tubes
is always there.

“ihen a bronchus is completely obstructed collapse,
in the alveoli beyond the blockage, occurs. Coryllos (85)
was the first to relate the occurrence of atelectasis to
bronchial occlusion which he maintained was the main method
of cavity closure. Coryllos and Birnbaum (86), Henderson
and Henderson (87) and others have described fully'the exact
inﬁerchange of gasez between the alveolar air and the blood
stream during this collapse. Three gases (02, CO, and Ny)

with different degrees of solubility and rates of diffsion

through moist membranes, are concerned. Absorntisn is in




two distinct stages. Immediately after the bronchug-is
occluded the OZ in the alveolar air, at a pressure of 100 mm.
diffuses into venous blood where the Oz'pressure is about
LO mm. A%t the same time CO, diffuses from the blood into
alveolar air, but in less amount because there is a quick
equalisation of the difference of pressure of 6 mm. in the
blood and in the air. Henderson and Henderson (87) state
that it is a matter of seconds only in which occluded air
loses 02 to the blood stream from a pressure of 100 mm. to
4O mm. and for CO, to increase from 4O mm. to 46 mm. The
total decrease in pressure is thus 54 mm. and¢ the volume of
gas becomes less because the lung yields to the diminished
pressure within it. In yielding it brings the total gas
pressure up to approximately what iq was befofe. Pressure of
air in a normal lung is 760 mm. and the pressure on the
exterior of the body, transmitted through the abdominal
viscera on theAdiaphragm, is 760 mm. Pressure of the
diaphragm and of normal lung around the occluded part causes
the latter to shrink until its internal pressure is 760 mm.
It is usually a little less due to a small force from the
other lung's elasticity. This is the end_of stage 1 as
described by Henderson and Henderson.

The next stage concerns the absorption of Nitrogen
which is less soluble and therefore diffuses less.slowly
than O2 or COZ‘ Soon? as O2 diminishes, the partial
pressure of Né rises as it is compressed into> smaller volume.
It rises to 624 mm. which is reckoned to be 54 mm. higher than
it wac orizinally, and therefore 54 mm. higher than the
pressure of Ny, in venous blood. (54 mm. is the sum of the
falls of the partial pregsures of O2 and COZ)' Thus there
exists at this stape é pressure state of 760 mm. (o2 - 4O mm.,
COp - 46 mm., and Ny - 624 rm. + water vapour 50 mm. ) In
the blood the N, pressure is only 570 mm. This differeﬁce in
N, pressures causes the N2 to diffuse slowly into the blood
ané be carried off. As the total ﬁressure in occluded air

is always nearly 760 mm., some O and CO, are also absorbed
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from occluded lung to venous blood bhecause as NQ is absorbed
the pressures of Op and COp are left a little above that in
venous blood. At the same time there is a continued
avpsorption of O2 from the blood in the tissues and the
pressure continues to be only 706 mm. in venous blood pass-
ing through occluded lung. Therefore the process goes on and
finally no gases are left for O, and CO, are always slightly
ané the N2 considerably above the pressure of each in the
venous blood. The mediastinum moves over and the diaphragm
up, to press on the occluded 1un§, owing to the atmospheric
pressure through the healthy lune and the abdomen. Henderson
and Henderson consider that this is a rapid process as the
alveolar surface and the blood flow are both large.

Kaunitz (88) in a general way describes those changes
and for cénvenience divides them into (1) an early or dry,
(2) a wet, and (3) a fibrotic stage. His afticle is on the
radiographic shadows of the dry and wet stages of obstruct-
ive atelectasis. The "wet stare" he describes as being due
to a transudation and accumulation of bronchial secretion in
the alveoli. I mention this work because if it does occur
it will aid pneumonic processes in tuberculous lung.

It would be wrong to omit the work of Rappaport
(89) at this stase. Discussing "pulmonary atelectasis and
respiratory failure" he states that the bronchial plug theory
of massive collapse is so untenable that it is not even
worth discussion. The author states that the most acute and
fatal cases do not show any trace of a bronchial plug and afe
so abrupt that there can be no time Tor absorption of air,
yet atelectasis is complete. Rappaport believes that all
atelectasis depends on the production of excessive pulmonary
plethora and is found to a greater or less extent in
tuberculosis, asthma, emphysema, etc. The author points out
thet there is a good blood supply in atelectatic lung and
the capillaries are engorged and that the alveoli still have
some air which is mixed as froth with the pulmonary secret-

ions. This article is not convincing andlscks the scientific




explanation of Henderson and Henderson (87) and Coryllos
and Birnbaum (86). In other experiments by Coryllos and

Birnbaum (90) they used i

trajugular injections of iodized

0il for the artefial cirCﬁiéfibn and Ringer's solution and
India ink for the capillary circulation and showed that in
the compressed, atelectatic and consolidated lung the
circulation is progressively impaired. The degree of coll-
apse Of alveoli causes and regulates the impairment of
circulation and the authors state that impairment of cir-
culation is not due to capillary thrombosis or capillary
compression by alveolar exudate as had been believed prev-
iously. They observed that the canillary circulation alone
was involved but the impairment was not complete. The
pulmonary arterial tree's circulation was unaffeéted.

I mention all those works in detail because I
believe that the "ground-glass'", radiological appearance -
the danger signal one so often sees - is due to atelectasis.
I shall now try to prove that the tuberculous bronchitis in
bronchi beyond hronchoscopic wigion is all important
(Cuthbert an< Nasley (165) ). I have repeatedly seen this
collapsed, milky appearahce during artificial pneumothorax
therapy and yet on bronchoscopy no visible cause of atelect-
asis(v ;

" The enclosed photograph shows a right artificial
pneumdthofax'induced in 8.7.47, with large apical vomica
and adhesions. Immediately after adhesion section (2.2.48)
the cavity grew bigger (photograph 2). The ominous
atelectatic area around it increased. The artificial
pneumothorax was abandoned at once and air was withdrawn.
Pleural gas analyéis gave figures of CO, L.2% and O, 1.8%,
showing that trere was no leak into the pleural cavity yet.
It was & race against time to get the lung to re-expand
before.a broncho-pleural cormunication occurred. In this
case the lung re—ekpanded and no fluid formed. Bronchoscopy
after adhesion section showed no tuberculous bronchitis in

the area within vision. Yet I have observed at post-mortem
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It is clearly seen how the mucosa is irregular and swollen.
Just proximal to the cavity the draining bronchus has a
@artial fibrous strycture 'S' which was very marked when the
bronchus was slit open with fine scissors.

This case is reproduced to illustrate the points I
have been discussing with regard to the ease with which a |
tension type of caVity forms when an artificial pneumothofax
is induced in unsuitable cases.

In healthy lung peri-cavitary atelectasis would
probably be of little import and the lung would remain strong.
As I have mentioned above the tuberculous proces: invades
the tissues widely ardund a;l‘such cavities and the small
bronchi énd bronchioles in the vicinity are all more or less
involved and easily occluded by any abnormal pressure. Those
bronchioles and bronchi must be distinguished from the cavity
dréining bronchus which is also aifected. Even if there is
no tension'cavity with pefi—cavitary atelectasis a whole lohe
can go milky and opague by virtue of its having scattered
focl of caseous change and a large number of small bronchi and
bronchioles affected. The nature of the tuberculous involve-
ment in those small air passages makes them very susceptible
to obstruction by means of pressure on the lung surface which
will disturb their normal alignment and bend them in any way.

- I have for conVenience described below three changes
in the closure of fhe smallest air basséges, for I bélieve
“hat this is the fundameﬁtal factor directly or indirectly in
causing disasters in most of the bad értificial pneumo-
thoraces in the R.B.2 class of case with which we are chiefly
concerneqf ‘

“‘Here is another example of the role of the smalkst
bronchi in causing atelectasis.

C.H. on'u.12.u7 had an X-ray appearance as in figure
'A'. The left lung field was clear. The right upper lobe had
several small areas of mottling but no defiﬁite cavitation.

An artificial pneumothorax wes induced and a film (B) . shows a

semi-opaque right upper 1ohe adherent apico-mediastinally.
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The right lower lobe is free and aerated. At this time
bronchoscopic examination was made and all bronchi within
vision appeared perfectly ndnnal. On 6.4.48 a bronchogram
was obtained and the P.A. view (C) shows filling of the right
lower lobe bronchi and a large number of right upper lobe
alveoli filled. A lateral view, however, (figure D) shows
beyond doubt that'the opaque area 1is a posterior segment
supplied by the sub-apical bronchus whose finer branches
fail to £ill with the lipiodol (which was warmed). The
arrows point to the obstructed, finer bronchi. I consider
that failure of alveoli to fill with warmed lipiodol is
significant and I have obtained similar results on other
like cases with opaque "ground-glass" lobes during artifi-
cial pneumothorax therapy.

By studying X-ray films taken Jjust before death
and then examining the areas corresponding 0 the mottling,
in the less involved part of the lung, on the post-mortem
specimen, I have céme to the conclusion that areas guch as
are shown in the right upper lobe of the above case
(figure A) are patches of caseous broncho-pneumonia. In and
around them and in the vicinity of the caseous wall of a
vomica one observes, in histological specimens, that the
walls of the bronchioles and smaller bronchi (Lth degree)
have a tuberculous infiltration which I have classified
into 3 stages according to the changes seen.

Stage 1. (See photograph diagram). The submucosal tissues
bhecome infiltrated with round cells, 1ymphocytes, plasma
cells, occasional polymorphonuclear leucocyteé_and eﬁdo~
theliod cells. This cell mass is liable to collect as a
button-like projection or a "cuff" at one area (No.2 in
diagram). The ciliae over the celi aggregate soon vanish but
remain present where the submucous tissues stay normal (No.3).
The lumen of the fine bronchus or bronchiole retains its
normal contour at first, being only slightly flattened from
the pressure of the round cell mass. It contains debris and

pus cells indicating the presence of secondary infection.
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The arﬁery wnich runs alongside the bronchiole shows early
endarteritis (No.1) in the face of this cellular infiltration
which is presumably the reaction of the tissueé to the spread
of tubercle bacilli in a'periphero-mesial direction along

the lymphatics which run with the fine bronchi or bronchioles.
This endarteritis will help to devitalise the parts beyond

as well as mitigating against "staining" should ths area
soften and the vessel be eroded.

No 5 répfesents an area where there are a few
round cells but no gross gathering as yet. (This photogranh
is of a bronchiole as there is no cartilage evident).

Stage 2. Here the contour of the fine bronchus is altered

by cellular pressure (No.l) and all ciliae have gone. End-
arteritis is present (No.2); the lumen of the bronchus has
more debris and pus cells which, with loss of ciliary action,
contribute to thé obstruction. No.l4 depicts an increase of
round cells and endotheliod cells in the alveolar walls and
collapse of alveoli, with fibrin in many of them. (The dia-
gram was drawn from a bronchiole with stage 2 While the
photograph is ©rom another slide of a fine bronchus with
;stage 2. Cartilage is present).

Stage 3. is that of final closuge. The bronchiole or fine
bronchus is flattened and the alveoli around cbllapsed, the
whole area being invaded with round and endotheliod cells to
a greater extent than in the previous 2 stages. The approx-
imation of alveolar walls makes the spread of a caseous pro-
cess through fhem easy and as ¢ econdary sepsis is at hand, the
area softens and the outlines of collapsed bronchi are lost
and merge into a part, densely packed with round cells and pus
cells. Obliteration of the accompanying artery by endarter-
itis is prominent in this photograph. |

T am convinced from a close clinical and post-
mortem study that the "ground-glass'" appearance which I have
so often mentioned is due to the above changes. The all

important point is that in s> many of the cases the diseased

bronchi are outwith bronchoscopic vision.



I agree with Pinner's views that uncompiicated,
reversible atelectasis, does not occur in cases of pulmonary
tuberculosis whigh are seen at autopsy. The above changes
oceur in the areas be they large or small.

However, the pericavitary "ground-glass" radiological
apoearance which dsvelops rapidly round a tension vomica in
ertificial pneumothorax therapy may, as I have seen, just as
quickly resolve, leaving no radiological traces, if steps
are taken to abandon the artificial pneumothorax at once and
t2 withdraw air. The explanation is probably that the
bronchioles or finer bronchi concerned merely exhibit stage 1
of the above classification: When kinked they collapse, but
release of the pressure on them, when the artificial pneumo-
thorax gquickly resolves, allows them to become patent again.
RBarly pneumcnitis in the collapsed area, short of caseation,
will resolve, leaving no gross, permanent effects. So much
msay be said for brief compression of alveoli.

Loncer compression produces a chronic inflammation
in the e¢ollapsed lung with organisation or carnification.
Post-mortems No.24 and 21 are excellent examples of this,
especially the former where the right lunz was one firm
fleshy mass. In some cases this is good from the point of
view of healing of ﬁhe tuberculous lesion (although I am not
so sure if possible tuberculous bronchiectasis, which often
supervenes a few years later, is to be desired).

The photograph (an L.P. view) of carnified lung
from post-mortem No.24, on separate sheet) shows collapsed
alveoli with caseous areas "C" at intervals. (High power
exanination reveals areas of granulation tissue with new
capillaries and leashes of fibroblasts spreading into the
collapsed alveoli.) The upper part of this photograph shows
fibrous tissue and an area of pigment is evident.

If in the collapsed area a caseous focus is
precent this, in many cases, readily spreads, the part soft-
eni;g and, helped by a tension vomica, the area may burst

into the artifi-ial pnemmothorax space, causing empyema

x 6545,
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and broncho-pleural fistula. This is espécially -liable to
happen after devitaligation of tissues by a cautery in
adhesion section. I have seen several clinical cases where
the point of rupture could be seen on the lung edge in an
X-ray film.

Of course, in the presence of an artificial pneumo-
thorax, a caseous area in a collapsed lobe is dangerous even
without a cévity present. A tension cavity in addition, how-
ever, increases the risk of empyema énormously. (See figures
in analysis of 78 empyema cases - page 34). Unfortunately
when we look at the ominous "ground-glass" appearance round
a tension cavity when an artificial pneumothorax is present,
we cannot, from X-ray appearances, say whether the picture
is due to collapse and pneumonitis or collapse, pneumonitis
and softening caseous areas. My experience is that it is
"better to think in terms of the latter eventuality, and, if
speedy thoracoscépy and adhesion section fail to rcet rid of
the cavity, the artificial pneumothorax should be abandoned
at once and the lung encouraged t5 expand by withdrawal of
air. _

When we know the pathology, therefore, it is easy
to visualise the chain of events in a diseased lobe on in-

duction of an artificial pneumbthorax.

‘Oévity with surrounding small patches of tubercﬁlous
l broncho-pneumonia.
Artificial pneumothorax induced.
Diseased draining bronchus, structurally weakened,
kinks. (It biocks easily on the lesst alteration

of alignment because ciliary loss causes retention
of secretions and its walls are already swollen
and oedematous. Adhesion section often helps

oravity 0 kink the draining bronchi).

v
Tension cavity liable to develop.

Alteration of alisnment of diseased Tronchioles and Lth

degree vronchi in the vicinity o7 patches of

. Y
tuterculous broncho-pneumonia. —>



69.

—————————}Early eollapse and infection of adJacent alveoll

produclng "ground-glass" appearance in the whole

lobe or segment of lobe on the skiagram, with its
recsultant dangers as regards eméyema formation
as described'above.

Tpuq we see that the diseased bronchioles and small
bronchl run two chances of being obstructed %y alteration of
alignment - (a) when the artificial pneumothorax is induced
or when supporting adhesions zare cut; if they escape at
this stage, (b) when pressed upon from another direction
when a "tension cavity" forms. This exnlains the "ground-
glass" appearance which forms in & lome where no cavityv is
visible as well as that following the ballooning of a vomica.

As mentioned previously, I have found the prognosis
to be much worse, as regurds emnyvema formation, where there
is a milky looking atelectatic lobe containing a vomica than
where such a lobe has no visible cavity. Occasionally a
large tension cavity in a wmilky lobe may quickly disappear.
This is probably because the intermittent, valvular mechanism
in the draining bronchus ceases 1o work and a complete kink-
ing or permanent‘block ensues with sgbsequent absorption of
the air in the cavity. The prognoéis is then increased for the
better, as in this case, e.g. (B.W.) When a collapsed right
upper lobe with cavity existed fluid formed (Group IV, Table 8,
page 34)(A). Shortly afterwards something happened to the
draining bronchus and the cavity closed (Group III, Table 8).
(B)v The artificial pnéumothorax then lasted LL years in spite
of apical adhesions and when the lung was finally allowed to
re-expand (C) the lower and middle lobes filled the pleural
space and pushed the airless upper lobe against the medias-
tinum - a phenorenon occasionally seen in those cases.
Unfortunately there is no way of telling which case will take
this course, ané I believe that there is no justification for
'hanging on in the slender hope that the rare event of spon-
taneous closure of the cavity will occur. The previous

figures show the small risk of success and the grave rigk of

fluid formation anc empyema.
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