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TUBERCUIOUS EMPYEMA IN ARTIFICIAL PNEUMOTHORAX

INTRODUCTION

This thesis consists of a gstudy of 78 patlents’
in whom eighty one empyemata‘oocurred during treatment
by artificial pneumothorax. -Investigation covers
etiology and treatment of these eighty one empyemata
and sufvival of the seventy eight patients.

The objects of this study were :-

1. To agcertain the principal factors responsible
for the occurrence of e?pyema in these patients.

2 To agcertain survival following different
types of treatment.

Se To evaluate treatment.

4, To consider how empyem2 could have been

avoided in the treatment of these cases.

MATERIAL

Eighty-one empyemata occurred in seventy-
eight patients, made up as followg :- |
1. Fifty cases (61.7%) occurred in patients
with unilateral pneumothoraces. |

2. Twenty-five cases (30,9%) occurred as unilateral



2.
empyemata in bilateral pneumothoraces.
3. Six cases (7.4%) occurred in three patients
with bilateral pneumothoraces.
The eighty-one empyemata consgidered in
this thesis comprised 83.5% of the total number of

- ninety-seven empyemata which occurred in 1,448 consecut-

ive pneumothraces induced in the Cheshire Joint Sanatorium,

Market Drayton, 3alop, during a period of eight years
from lst July, 1937 to 30th June, 1945.

Only cases in which tubercle bacilli had
been deﬁonstrated were included in the invsstigation,
hence the rejection of sixteen of the total number of
ninety-seven cases.

Thirty-five (43.27%) of the eighty-one empyemata
investigated became secondarily infected with pyogenic
organisms. These cases are referred to in the text
as mixed Group 3 empyemata. The remaining forty-six
cagses (56.8%) of the stotal number of eighty-one are
termed "pure" Group A empyemata.

This series of artificial pneumothoraces
is a selected one in so far as
1. The period 1937 to 1945 was chosen for
study deliberately, to ascertain the incidence of empyema
durinz that time. The reasons were, firstly, that

it was considered in the light of subsequent experience
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that a large number of "bad" pneumothoraces were
induced in the Sanatorium during those years. By
the term "bad" is meant that while risks have occasion-

ally to be taken in the choice of patients to be

treated by pneumothorax, too many patients known now to be
~ unsuitable for that type of treatment were in fact
treated by artificial pneumothorax during the period
under review. On the other hand, it must be remembered
that many patients included in this series who were known
at the time to be bad risks for pneumothorax treatment
were destined to die more or less guickly unless.SOme
attempt were made to.arrest their disease.
2. All the pneumothoraces were induced in one
Ingtitution by the same team of physicians. Almost
all the adhesion sections by closed pneumolysis were
performed by one member of the team. He had extensive
experience of the treatment of pulmonary tuberculosis
and in particular of the operation of internal closed
pneumolysis.
Pbllow—uplof the patients under review was
considered until 31st December 1949, Thus the longest
- possible period of survival was 113 yeérs and the
shortest 3% years,

Certain disadvantages arise in a relatively
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long period follow-up when considering a disease with
a high mortality rate such as tuberculous empyema.

The first disadvantage is the need for
greater dependence on records, and in particular on
their accuracy. More recent cases offer the
possibility and opportunity,as was provided in some
included in this review’of personal examination of the
patient,with comparigson of original andvmost recent

skiagrams.

The second disadvantage of a long period follow-

u? is that it tends to increase ths number of cases
coming into the category "lost sight of': in the 78
patients under review, six (7,7%) were lost sight of.
Two of these gix patients were known to be alive at

the end of 1948 and were in fact "lost sight of" rfor
only one year. The records of the other four patients
‘had been lost or destroyed.

The third disadvantage applies to all follow-up
procedures in a study of treatment of tuberculosis
patients. Factors such as the tendency of the disease
to self-healing, the individual resistance and temperament
of patients, the influence of home, social and working
environment and occupation must; in a long term fdllow-up,
have a bearing on the survival of patients, and the

longer the follow-up the greater the effect of these
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outside influences igs 1likely to he.

meke it elmost impossible to set up

n

treatment in so protean a disesse as pulmonary
tuberculosis. On the other hand, too short a vneriod
of follow-up fails to cover the whole digease process
and tends to put treatment in 2 v»erspective too false
to permit of any valid conclusions being drawn therefron.
Similarly, the chronicity of pulmonary tuberculosis
raises the cuestion of the minimum neriod of time for
which observation is nécessary 0 reach reasonable and
sound "conclusions.

Finally, it will e appreciated that a series
of only 78 cases is tro small for elaborate statisticel
evaluation. Such statistics as are included in this

Thesis are, therefore, very simnle.
2 3 i

This Thesis is divided into four parts,
as follows:-

Part 1 deals with the definition of Tuberculous

Empyema as understood in this review z2nd with the incidence

age and sex distribution in the 78 patients being studied.
Part 2 is devoted to Etiology.
Part 3 deals with Treatment and Results.
Part 4 is devoted to Discussion and

Conclusions.
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6.

DAFTHITION

The definition of empyems in artificial
pneumothorax applied in this series is similar to
that used by Dickey(1943), that the exudate should be
turbid or purulent and that the tubercle bacillus
have been demonstrated in the aspirated fluid , either
on direct smear examination , or on culture or by

animal inoculation.

INCIDENCE

The incidence of empyema in artificial pneumothorax
vgries according to the definition used. In this
series there were altogether ninety- seven empyemata
in a total of fourteen hundred and forty eight
consecutive pneumothoraces. Applying the definition
quoted above , sixteen cases (16.5%) were discarded
bedause tubercle bacilli were never at any timé

demonstrated in the exudate.

The 1incidence of empyema in this series
of pneumothoraces is, therefore, as shown in Table I,

page 7.
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TABLE I

Incidence of Empyema in 1448 Consecutive Pneumothoraces

Artificial _Pneumothoraces

r
1448 \\\\\\\\\\\

Effusions No Effusion
385 (26. 5%) 1065 (73. 5%)

Purulent Effusions Non-purulent
lNot all defi?ed Effusions

as empyemata '
97 (6.7%) 286 (19.8%)

E mata
iaccording to
definition)
81 ( 5.6%)

Group A (pure) Group B (mixed)
46 (3.2%) 35 (2.4%)

Effusion into pneumothorax in the &bove
Table refers only to exudates which progressed at least
to the level of-the 5th costal cartilage or higher when
viewed on the fluoroscopic screen or on skiagram.

Puddles of fluid over the diaphragm
or in the costo-phreniec angle are not held to be effusions
as understood in this series. The vast majority of these
small effusions are temporary and evanescent and occur
in g1l pneumothoraces at one time or "another.

All effusions occurred while patients

were in the Sanatorium, but four of the 8l empyemata
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occurred in patients after discharge from the
Sanatorium following satisfactory, or apparently

gatisfactory, treatment of the effusion.

SEX AND AGHE INCIDENCH

78 Patients

The sex incidence was as shown in Tables 2 and
S The age incidence was ag shown in Tables 4 to

7.

TABLE 2

. S8ex and Age Incidence

78 Patients

Sex incidence wasg:- Males 42 53 7%
Females 36 46.3%
Total 78 100.0%
Males| % [Females %
Unilateral pneumo-
thorax and
empyema 31 pP9.6 19 64.0
Bilateral pneumo-
thoraces and
unilateral
emdyema 9 [11l.82 16 32.1
Bilateral pneumo-
thoraces and
bilateral empyema 2 2.6 1 3.9
Total ® e 00 o s 4:2 53.’7 56 10“.0
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Group A and Group B Cases

Thirty-four of the 78 patients (43.6%) had

" their empyemata secondarily infected. One patient
with bilateral empyema had hoth sides pyogenicaliy
infected. Thus thirty-five of the 81 empyerata fall
into Group B, eguivaleht to L3.2% of the total number
of empyemata. Forty —-four(56.L4%) of the 78
patients and forty six(56.8%) of the 81 empyemats
fall into Group A- pure tuberculous empyema. The

sex incidence in Group B cases is shown in Table 3.

TARLE 3

Sex Incidence - Group B - 3L Patients.

Males Hemales

No. A No. & Total
imilateral empyvema 1L hi, 2 8 23. 5 22
in unilateral
pneumothorax

Rilateral pneumothorax] 3 3.8 6 17.7 9
unilateral empyema

Bilatersl pneumo-
thorax and bilateral
empyema ‘ 2 5.9 1 2.9 3

19 55.9 15 43,1 ] 3L 1loo.

In Group B,one of the bilateral empyema coses,
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a man had both empyemata secondarily infected.
Thus 20 (57.1%) of the total of 35 secondarily infected
pnevmothoraces occurred in men, and 15 (42.9%) in women.

Age distribution is shown in Table 4 below.

TABLE 4

Age Distribution - 78 Patients

Age distribution on admission wag as follows:-

Age Group Males Females Tota l [ Per cent
5-19 5 5 10 *j 12.8
20-24 13 13 26 | SICING
25-29 6 8 14 17.9
30-34 9 7 16 20,5
34-39 5 2 7 9.0
40-44 1 1 2 2.6
45-49 2 0 2 | 2.6
50-54 1 0 1 1.3
Over 54 0 0 0
Total eeeees - 42 36 78 100,0
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Combined Age & Sex Distribution

78 Patients.
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TABLE 6

4
)
3

50 Cases of Unilateral Pneumothorax and Empyeua

Age Distribution on Admission

Age Group Males | Females | Total %

15-19 2 3 5 10

20-2L 8 5 13 26

25-29 6 . 10 20

30-3L, 7 L 11 22

35-39 L 2 6 12

LO-lly 1 1 2 L

L5-La 2 0 ) N

50-5L . 1 0 1 2

i Over 5L 0 0 0 0
é Totals 31 19 50 100




25 Cases of Unilateral Empyema in Bilateral Pneumothorax

3 Cases of Bilateral Emggg@é

Age Distribution on Admission

Age\Group Males | Females Total %
15-19 ’ 3 2 5 17.9
20-2L 5 x 8 x 13 En
25=-29 0 L n 1. 2
30-3L 2 3 5 17.9
35=39 1 X 0 1 3.6
o=l 0 0 0
L5-1L9 0 0 o
50-5L 0 0 0

Over 5L 0 0 0
Totals ...... 11 17 28 100.0

x  Includes two cases of bilateral empyeme, one male,
the other female.

X Includes one case of bilateral empyema.

Tables 6 and 7 show that in the 50 unilateral A.P.

3

cases which developed empyema , 31 (507 were males
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and 19 (38%) were females.

In the 28 bilateral pneumobthorax cases,
on the other hand, the exact reverse occurred. Only
11 (39.3%) were males and 17 (60,7%) were females.

Age distribution showed ths greatest number
in both unilateral and bilateral, A,P's, fell into
the 20-24 age group, with the age group'30-34 coming

gsecond.

81 Impyemata

44 (54.,3%) of the empyemata occurred in males
and 37 (45.7%) in females.
The right and left gsides were affected, as

gshown in the Tabls below,

TABLI 8

Showing Side of Chest affected in 81 Empyemata.

Males Females

Right Teft Right Ieft
Unilateral A,P,
and empyema 15 16 7 12
Bilateral A,P,
and unilateral ,
empyeme 4 ) 4 12
Bilateral 4.P. |
and bilateral
empyema 2 2 1 1
Tota1 veus.s 21 | 23 | 1 25 |
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Thus of the 44 empyemata which occurred 1in
males, 21 (47.7%) occurred on the right side, and
23 (52.3%) on the left.
Of 37 empyemata in females, 12(32.4%) occurred,
on the right side, and 25(67.6%) on the left side.
Both sexes combined showed a freguency of
Right sided empyemata ..... 33 cases (40.7%)

Left sided empyemata ..... 48 cases (59.3%)

Classification of Cases on Admission

Cases were classified on admission and re-
elassified on induction of pneumothorax according to

the Ministry of Health's classification of pulmonary

tuberculosis.

TABLE 9
Classification on Admission and on Induction of A.P.

% 78 Cases

i Classification On Admission On Induction of A.P.
Min. of Health No. No. %

E * R.A. 2 5} 6.4 1 1.3

ﬁ R.A. 53 1 1.3 0 0

g R.B. 2 56 71.8 60 764 9

L R.B. 3 16 20. 5 17 21l.8
Total L d P 9 "9 @0 " 9 8 e 78 100. O 78 100. O
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A1l five cases which were clagsed as R.A.

on admission became R.B. some time during treatment,

four within a few weeks from admission.

TABLE 10 - 50 Cases

Classification of 50 Unilateral A.P. and Empyema
Cases on Admission

Classification { On Admission On Induction of A.P.
Min. of Health No. % No. %

R.A.2 5 10 1

R.AS3 1 2 0 0

R.B.2 36 72 40 80

R.B.3 8 16 9 18
Total eessese 50 100 50 100

TABLE 11 - 28 Cases

Classification of 28 Cases of Bilateral Pneumothorax.

25 Cases developed Unilateral Empyema:

3 Cages Bilateral

Empyema .
Classification On Admission On Induetion of A,P,
Min, of Health No. % No. %
R.A. 0 0 0 o]
R.B.2 20 71.4 20 71.4
R.B.3 8 28,6 8 28,6
Tot8l eeeeesa 28 100.,0 28 100.,0

One of the bilateral pneumothorax cases which
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developed bilateral empyema was in category R.B.Z2.

The other two similar cases were in category R.B.3.

FAMILY HISTORY

Thirty-five of the 78 patients (44.9%) gave
a family history of pulmonary tuberculosis. The
remainder, forty-three patients (55.1%) had no

previous pogsitive family history.

Contacts -
Of the total number of seventy-eight cases,

nineteen (24.3%) were contacts of other cases.

Ienzth of stay in Sanatorium -

The longest stay of a patient after empyema
developed was 1,428 days. The average stay was

541 days.







ETICLOGY

1. Preceding Sevous Tffusion
éafferty(l9uu) states that empyema occurs
almost invariably after many weeks or months of serous
effusion. Change from serous effusion to frank pus
oceurs at a varying interval according to the severity
of the pleural infection,(Xeers and Rigden,l1945).
Preliminary effusion in this series was as

shown in Table 12 below.

TABLE 12 81 Empvemata

To.

of A.Ps C;’S
Preceded by clear effusion 56 69.1
Preceded hy haemothorax 3 3.7
Pus on occasion of first
aspiration 22 2742

Total 81 100.0

Of the fifty-=six cases preceded by serous
effusion, a totel of twenty~three(hl.l17%) became turbid
by the time of the second aspiration and remained
turbid throughout the course of treatment. The remaining
thirty~-three cases (58.9%) prosressed to frank pus.

The interval which elensed hetween the first

aspiration of serous fluid and the first aspiration of

PUs in these thirty-three coges is shown in Table 13.
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TABIZ 13

33 (Cages of Serous Effusion.

Interval in weeks from aspiration of serous fluid
to agpliration of pus.

Interval No, of Cases | %
Weeks -

2 - 4 7 21.3
5 -8 9 27 .3
9 - 12 4 12,1
13 - 16 5 15.1
17 - 20 1 30
21 - 24 3 9.1
25 - 28 1 3.0
29 - 32 0 0
33 - 36 1 3.0
Not known 2 6.1
Total eseccscencccse 33 100,0

Of the 33 cases in whom serous e ffusion
progressed to pus, a total of 16 (48.6%) had
developed pus within 8 weeks and 25 cases (75,8%)
within 16 weeks from the occasion of the initial
agplration of serous fluid.

In two cases the interval was not known.
Thege cases had had serous effusion while in the

Sanatorium, had been discharged with a dry pleural
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Space,.but were re-admitted after intervals of
six months and 7% months respectively with pus

in the pneumothorax space.

Three Haemothorax (Cases.

Three cases developed haemothorax after
adhesion section. Pusg developed invsix, eleven
and eighteen weeks respectively from the time of

haemot horax.

2. Infection.

The tubercle bacillus was demonstrated in
the fluid aspirated from all cases in this series.
This finding established the principal etiological
cause of infection,

Culture of aspirated material was routine
procedure after direct smear examination, whether
the latter was positive or not. Guinea pig inoculat-
ion was used in two cases in which culture was negat-
ive.

Demonstration of the tubercle bacillus in

the eighty-one cases was as shown in Table 14.
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TABIE 14 - 81 Cases

Demonstration of Tubercle Bacilli  in Pleural Exudate.

No. %

Pleural exudate positive on
direct smear and culture 57 70.4
Negative direct smear, positive
on culture 22 27 .2
Negative culture and smear
but positive on guinea-pig
inoculation , 2 2.4

Total 81 100,0

Secondary Pyogenlc Infection -

Thirty-four patients (43.6%) had their
empyemata secondarily infected. One patient with
bllateral empyemapa had both sides secondarily infected.
Thus thirty-five (43.2%) of 81 empyemata fall into

the pyogenically infected Group B,

Secondary Infecting Organisms -

Twenty-nine (82.8%) of the 35 Group B empyemata
were infected with Staphylococcus Aureus and Staphylococcus

Albus.,

Four cases (11.4%) became infected with

both staphylococcl and streptococel some time during

treatment . One case (2.4%) became infected with
staphylococci, streptococeci and prneumococcl, and one

other case withB. Proteus.
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TABLE 15

Tavses of Pyogenic Infection.

The causes of secondary infection were as follows :-

No. of Cases
of

Pneumot horax %
Broncho-pleural fistulae 18 51.4
Infected during treatment
in Sanatorium aspiration 15 ' 42,9
Infected during btreatment
ag out-patients and
re-admitted with secondary
infection 2 _ 5.7

Total 35 100,0

Pleuro-cutaneous Sinuses -

Twenty-two patients got pleuro-cutaneous
sinuses, and one patient developed tuberculous nodules

in the skin as the result of treatment. All 22 cases of

pleuro-cutaneous sinus, representing 27.29% of the empyemata,

became secondarily infected. Further details of the
treatment WhiéhAresulted in these patients developing
sinuses, and of their condition on discharge, will

be given in the section devoted t0 Treatment and Results.

-

3. Clasgification of Disease on Admission.

~

It was decided to classify the types of

disease in the present series of natients into two groups,
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apart from the classification given on page 15, which
is that of the Ministry of Health,

These two groups were:-

1. Clagsification according to that accepted

by the National Tuberculosis Association of Americe
é.s modified by Salkin and Cadden (1941).

2. Clagsiflcation ag accurately as radiological
and clinical findings would allow into the four
groups suggested by Rafferty (1944) as being un-
suitable for pneumothorax treatment.

Difficulty was encountered in élassifying
cases into Rafferty's Group IV, that is, patiehts
with tuberculosis of a ma jor bronchus, for the reason
that routine bronchoscopy was not practised in the
Sanatorium during the period under review, Instead,
it was decided to assume that patients in whom
complete atelectasis of the lung occurred during
pneumothorax treatment must have been suffering from
severe endobronchial tuberculosis at the time bhe

pneumothorax was induced. This assumption 1is

based on experience of cases in subsequent years,

for in every case in which complete atelectasis occurred,
endobronchial disease of greater or lesser severity,

but alwgys affecting a ma jor bronchus, was found at

bronchoscopy.
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Table 16 shows the classification accord-
ing to Salkin and Cadden (1941). No case came into

the Group I category of minimal disease.

TABLE 16 '78 Cases
Classification (Salkin and Cadden)

Group Total Sub- One " Other No. of
No. Classif- | Group| lung lung | Cases %
ication No. disease | disease
i1 Moderate 5 mode. min. 9 11.5
disease 6 mod. mod. 15 19. 2
ITT Tar advanced 7 mod. mn. 3 3.8
disease 8 mod. mogd. 14 17.9
9 far clear 2 2.5
10 " far min. 8 lo.5
11 far mod 22 28. 2
12 far far 5] 6.4
Totals 78 100.0

As previously stated , the total number of

.78 patients involved 8l empyemata, made up as follows:-

No. of Cases

Unilateral pneumothorax

and empyema. 50
Bilateral pneumothorax,

unilateral empyema 25
Bilateral pneumothorax -

and empyemsa 3

Total 78
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Classifying these three Groups separately
according to the class of discase on admission

results in the findings shown in Table 17.

TABLE 17

Clessification of Disease at Induction of Pneumothorax
Salkin and Cadden's Classification

—— e e

Moder- Far
ately Advanced
Advanced Disesse
Digease
No. of % No.of % Total| %
Cases Cases
Unilateral
pneumothorax 16 20. 5 34 43, 6 50 64,1
and empyema
Bilatersl
rneumothorsx 8 10. 3 17 21.8 25 32. 1
unilateral
empyema
Bilateral
rneumothorsx 0 0 3 348 3 3.8
and empyema
Totals 24 30. 8 54 69. 2 78 100.0

" Of the 50 unilateral pneumothorax cases, 34
(68%) were in the far advenced class of disease at

induetion. Of the 25 bilateral pneumothorax cases

which developed unilateral empyems, 17 (68%) were in the
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far advanced category . All three cases which
developed bilateral empyema came into the far advanced
category of disease at induction of Pneumothorax.

Tables 16 and 17 show that only 24(30.7%)
of cases were in the "moderate" class of disease on
admission. On the other hand, 54 (69.3%) were in
the "far advanced" category on admission.

Only two cases (2.5%) had a contra-lateral
lung that could be classified as clear, and in these
two cases the disease in the homolateral lung was in
an advanced state.

As already stated,all pneumothoraces were
induced in from two to four weeks from the time of
admission and it is reasonable to assume that the
‘classification of disease at the time of induction
of pneumothorax was similar to that at the time of
admission.

In view of the fact that the above (Salkin
and Cadden) classification gives no indication of
the pathology of the cases,it was decided to classify
the cases clinically and radiollogically aeccording to
the suggestion of Rafferty (1944). This classification

is shown in Table 18 on the next page.
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TABLE 18 75 Cases
(_classified according to Rafferty )

Groupn Type of Disease No. of %
_ Patients
1 Pneumonic or acute
exudative 28 35.9
2 Large apical cavity 19 24.4
3 Extensive unilateral
cavitation 16 20.5
4 Endobronchial disease
of a major bronchus 12 6.4
Total 75 87.2

Three cases (12.8%) did not come into any of the above
categories. Two of these three cases had lower lobe
»cavitation , and one dorsal lobe cavitation.

From Table 18 it can be seen that 63 (eguivalent
to slightly more than 80% of the 78 cases ) had either

acute exudative disecase or advanced cavitation.

4. Erythrocyte Sedimentation Rate.

The erythrocyte sedimentation rate, as understood
in this Thesis, is the two-hourly reading in milli-
metres (Westergren). It has been the practiece in
the Cheshire Joint Sanatorium to estimate the
erythrocyte sedimentation rate (e.s.r. ) at one hour

and two hour intervals, the second hour reading being
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the one used for practical purposes.

E.S.R. at Time of Induction of Pneumothorax.

Experience over a number of years has
suggested that effusion in artificial pneumothorax
has ocecurred more frequently in patients in whom
the e.s.r. was 40 m.m. or more (Z2hours Westergren)
at the time of induction of the pneumothorax.

Table 19 shows the E.S.Rs. at the time of

induction of 81l pneumothoraces which developed empyemata.

TABLE 19

81 Pneumothoraces: E.S.R. (2 hour Westergren) at time of
Induction of Pneumothorax

E. S. R. Number of A.Ps. % of A.P.s.
m. m.

10 - 20 2 2.5
31 - 40 7 8.6
41 - 50 18 22.2
51 - 60 13 16.1
61 - 70 7 8.6
71 - 80 15 18.5
81 - 90 8 9.9
91 -100 6 7e4
OverlCO 2 2.5
Total 81 100.0

It can be seen from the above Table
that 69 (85.2%) of the pneumothoraces were induced
when the sedimentation rate was more rapid than

40 m.m. in 2 hours (W.).
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Turther i1nvestigation of these 69 cases
wes made, firstly into the time interval in weeks
which elapsed beween the induction of pneumothorax
and the onset of effusion , and secondly, to ascertain
the interval between the appearsnce of effusion and

its conversion to empyeme. This is shown in Table 20

TABLE 20

69 Pneumothoraces induced when E.S.R.was over 40 m.m. (W.)

Average Interval in Weeks from Induetion till Effusion
tnd from Effusion till Empyema

FSe Re No. of Average time Average interval
ffroup A.Ps. from induction till effusion
of A.P.till converted to

effusion empyema
Weeks Weeks

41 - 50 18 17.5 B. 6

51 - 60 13 14,2 6.0

61 - 70 7 13.7 5.4

71 - 80 15 13.2 4.1

81 - 9C 8 11.0 Purulent

91 -100 6 4, 1 from first

Overl00 2 2¢5 aspiration.

Total 69

It can be seen from Table 20 that the
higher the sedimentation rate at induction of
rneumothorax the shorter the intervals bewteen onset
of effusion and consejuent empyema.

Although only sixteen empyemata sre shown
in table 20 as having been purulent from the first
aspiration there were altogether twenty-two (27.2%)

Of the eighty one empyemstea purulent from the start.



30

Duration of Disease at Induction of Pneumothorax.

Hayes(1927) has suggested that there is a
higher proportion of empyemata among those patients
in whom the disease has been of short duration prior
to induction of pneumothorax.

Duration of symptoms prior to admission for
the 78 patients in this series is shown in Table 21.

TABLE 21 78 Cases

Duration of Symptoms prior to Admission

Duration of Symptoms No. of %

Months Patients i
l -6 37 47.4 |

Tm=l2 24 30.8

13 -18 9 11.56

19 =24 4 5.1

25 =36 2 2.6
37- 48 2 2¢ 6 '

Total 78 100.0

From Table 21 it is seen that 61 patients
(78%) had symptoms of a year's duration or less. All
pneumothoraces were induced within an average period
of 2.7 weeks from the time of admission , which does
not materially alter the position as far as the
acuteness or otherwise of disease at the times of
admission and of induction of the pneumothorax is

concerned.
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5e Type of Collapse after adhesion section.

In this series cases were divided into

three classes according to the type of collapse:-

1. satisfactory.
2. Incomplete.

3, Ineffective.

Satisfactory eollapse means a pneumothorax with

complete relaxation of the apex, with no adhesions
to the lateral chest wall and no adhesions to the

upper mediastinum above the level of the claviecle.

Incomplete collapse includes all cases with the

lung apex adherent to the cupola, or with adhesions

to the medlastinum at the apico-mediagtinal angle.

Ineffective collapse Iincludes those cases in whom

there was massive adherence of the apex to the dome
of the chest, and all cases in whom there were
inoperable adhesions to the lateral chest wall,
irrespective of the apiecal relaxatioﬁ. Before
operation none of the cases had a collapse that could
be considered as satisfactory.

The type of collapse in each of the 81
pneumothoraces is shown in Table 22 with the Ministry

of Health classification on admission.
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TABLE 22

81 Pneumothoraces. Type of Collapse after Adhesion
Section,

Type of Classification TotalJ %
Collapse Ministry of Health
RAZ RB2 RB3 No. %

No.| % | NoJ & | No. %
Satia-
factory 0 22 RB7 .2 4 14,9 26 32.1
Incom- '
plete 1 11.2 124 |29.6 5] 6.2 30 37 .0
In-
effective 0 17 121.0 8| 9.9 25 30,9
Total 1 1.2 |63 77.8 |17 [21.0 81 100.0

Table 22 shows that fifty-five (67.9%) of

the total number of 81 pneumothoraces fell into
either the incomplete or ineffective clags of
collapse after adhesion section. Not all the
eighty-one pneumothoraces, however, were operated
upon. Five cases, all of which came into the
"ineffective" class of collapse were abandoned after
thoracoscopy (no adhesions being divided). Two
other cases also classed as having "ineffective"
collapse had their pneumothoraces abandoned before

thoracoscopy because empyema was already present.
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6. Atelectasis.

Complete atelectasis of ﬁhe‘lung after
adhesion section developed in twelve (16.2%) of
the seventy-four pneumothoraces submitted to adhesion
section.

The relationship of atelectasis to the
deve lopment of empyema in pneumothorax will be dealt
with in Section 4 of this Thesis, in Discussion on
Etiology of dZmpyema in the eighty-one cases under
review,

Table 23 gives data on these twelve cases.
This Table shows one outstanding feature, and that is
the dissimilarity of all the cases except, perhaps,
Nos. 4 and 10, These two cases had tuberculous
pleura, and had satisfactory collapse with failure of
the cavity to close. Both cases developed broncho-
pleural/fistulae. |

None of the twelve cases was submitted to

bronchoscopy.
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7 o aZxtent of Adhesions.

Adhesion section by closed pneumolysis was
performed in seventy-four (91.4%) of the eighty-one
pneumothoraces. One case, after two unsuccessful
sessions of closed pneumolysis, was subjected to open
pneumolysis. - His collapse was still ineffective after
oben operation. Table 24 shows the number of pneumo-

thoraces operated upon.

TABLT 24

74 Cases of Closed Pneumolysis

Unilateral 3ilateral Total]l %
pneumothorax pneumothorax
No. of | % Ko. of A
Casges Cases
Adhesion .
section 45 55 .6 29 35.8 74 91.4
Thoracoscopy only
(no adhesions
divided) 4 5.0 1 1.2 5 62
Abandoned before
thoracoscopy 1 1.2 1 1.2 2 2.4
Total 50 61.8 31 38.2 81 [|100,0

The extent of the adhesions existing after
pneumothorax has been induced is difficult to assess,
but may be considered as directly related to the time
spvent on actval cauterization of adhesions. Unfort -

vnately, the records of time spent on actual
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adhesion section were recorded in only forty-five
(60.8%) of the seventy-four cases operated upon,

Of these forty-five cases, twenty-six (57.8%)
referred to cases of unilateral pneumothorax, and
geventeen (37.8%) to cases of bilateral pneumothorax
with unileteral empyema, and two (4.4%) to one case
of bilateral pneumothorax and empyema.

Tables 25, 26 and 27 show the times, in
minutes, spent on adhesion section and the average
interval in weeks from adhesion section till the

onset of empyema.

TABISE 25. 26 Cages.
Adhesion Section: Unilateral Pneumo-~
thoraces.
Time in minutes. No, of Average interval
Single Sessions. Cases. till onset of
empyema .
Weeks
l. Up to 30 3 20
2 31 - 45 8 15
3 46 - 60 7 7
4 61 - 75 3 4.3
5 76 - 90 2 2.5
6 Over 90 0 0
Double Sessions.
1., 45 and 25 then
open pneumolysis 1 Haemothorax within
: 24 hours: pus in
. 6 weeks.
2., 20 and 15 1 20
3. 20 and 30 1 11
Total 26
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The double sessions were at intervals of

8.5 weeks.

17 Cages

Bilateral Pneumothoraces - Unilateral Empyema.

Single Sessions

No, of Cases

Average interval

Minutes of A.P. till empyema.
Weeks
Up to 30 8 11
31 - 45 3 9
46 - 60 3 6
61 - 75 0 0
76 - 90 0 0
Exactly 120 1 1
Double Sessions
Minutes
30 and 40 1 Re -admitted in
26 weeks with
empyema
45 and 5 1 15
Total 17
TABIE 2%

Bilateral Pneumothorax and Empyema

Thls case had a single session performed on each side.

Iength of Interval till
Session, empyema,
Minutes Weeks

Ieft side 45 2

Right side

induced 3 months

after left 10 5
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The figures in the above Tables would suggest that
the longer the time spent on cauterization of
adhesions (inferring that the adhesions.were extensive),

the shorter the interval until empyema supervened,

8. '~ Fluid before Adhesion Section.

Of the 74 cases operated on, only three (4%)
nhad sufficient fluid to require agpiration before
operation., Two other cases had fluid to the 4th
costal cartilﬁge, but this abgorbed, and at the
time of operation only a small diaphragmatic puddle
remained.

The interval that elapsed in these five cases,
between operation on adhesions and onset of empyema,

- 1s shown below,

Case! Extent of Effusion Interval from adhesion
No. before section till onset of
Adhesion Section. émpyema .
Weeks.,

l. |[E@ffusion to 4th costal
cartilage: not aspir-
lpted: absorbed to a

supra diaphragmatic _
puddle by operation 4

2., |Effusion to 2nd costal cart-
ilage., Aspirated 3 times
be fore operation. 7

3. |Effusion to lst costal cart-
1lage: aspirated 3 times before
operatlion. 9
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Case] E fudion .Interval from adhesion
No. Xtentbggogg section till onset of
1 ~+ 107, empyema .
Adhesion Sect Weoks

4, [Bffusion to 2nd costal
cartilage: aspirated
twice before operation, 13

5, l&ffusion to 4th costal cart-
ilage: not aspirated but
absorbed be fore operation 36

Of the remaining sixty-nine cases submitted
to adhesion section, forty (58%) had only a
diaphragmatic puddle of fluild in the period from
induction till adhesion section. In thirty-seven
cases which developed empyema within a period of
weeks from adhesion section, the average interval
from adhesion section till onset of empyema was
10.1 weeks. Twenty-nine cases (42 %) had no
fluld before operation, and in twenty-eight in which
empyema developed within a period of weeks from ad-
hesion section, the average interval from adhesion
section till onset of empyema was 11,0 weeks.

Apparently the presence of a diaphragmatic
puddle of fluid in the interval between induction of
pneumothorex and cauterizing of adhesions does not
materially shorten the interval till empyema deve lops

in cases which develop empyema.




41

9. Pogitive Pressures in Pneumothorax,

Twenty-four (29.6%) of the 81 pneumothoraces
in which empyema developed had positive pressures
used to maintain the pneumothorax prior to adhesion
section.

Thirteen (54.1%) of the cases in whom positive
pressures were used were in Salkin and Cadden's (1941)‘
classification of far advanced disease. The remain-
ing eleven cases (45.9%) were in the moderately
advancéd disease clags, suggesting that in the cases
in whom positive pressures had to be used, the
extensive nature of the disease had resulted in
proportionately extensive adhesions.

In sixteen of the twenty-four cases where
positive pressures were used, the time spent on
cauterization of adhesions was recorded. In the
other eight cases times were not recorded. The
time in minutes spent cauterizing adhesions in the
sixteen cases 1is shown in Table 28,

The time spent on cauterization of adhes-
ions in these cases would suggest that the adhes-
ions must have been fairly extensive, and that

positlive pressures had to be used to maintain the

collapse,
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TABIE 28 16 Cases,

Pogitive Pressure Pneumothoraces

Time spent on Cauterization
of adhesions in 16 positive
pressure pneumothoraces.

No. of
Cases.

Minutes:
Single Segsions.

Up to 30 minutes
31 - 45
46 - 60
61 - 75

Double Sessions
20 and 15 minutes
30 and 40 "

40 and 25 "

=N W

N

Total.

16

10, Cavity closure after adhesion section

The type of collapse and state of cavity

closure will be dealt with more fully in a later

part of the Section on Etiology, but meantime the

degree of cavity closure and type of collapse ob-

tained in the 74 cases submitted to adhesion section

are ags shown in Table 29 below,.

TABILE 29. 74 Cases

Cavity Closure after Adhesion Section

Type of Collapse. Cavity Closed. Cavity Total %
» ﬁop ed
No. 7o O. i
Satisfactory 8 30,8 18 69,2 26 35.1
Incomplete 7 23 .3 23 76,7 30 40,5
Ineffective 0 - 18 [100.C 18 | 24.4
Total 15 2045 59 79.7 74 1100,0
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Table 29 shows that in fifty-nine (79.7%)
of the seventy-four cases submitted to operation,
in almost four-fifths, irrespective of the type of
collapse obtained, fallure to achleve cavity closure
resulted. Only one-fifth of the cases had their
cavities closed after adhesion section, and in
just under half of these cases, the collapse was
unsatisfactory.

If one adds to the fiféy-nine cases shown in
Table 29, in the "cavity not closed" class, the
seven additional cases of ineffective collapse on
whom no operation was performed and cavity closure
was not obtained, the number of pneumothoraces
falling into this class rises to sixty-six, represent-
ing 85.2% of the total number of eighty-one pneumo-

thoraces.

11. State of Pleura at Thoracoscopy.

The state of the pleura as seen at thoracoscopy
was recordeéd in seventy (86.4%) of the pneumothoraces.
In nine éases (11.1%) this information was not recorded,
and in two cases (2.5%), the state of the pleura could
not be ascertained owing to the pneumothorax being

abandoned before thoracoscopy.
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The condition of the pleura in those cases

in which it was recorded 1s shown in Table 30 below.

The term "unhealthy" indicates a pleura on which

actual tubercles were seen,

or which was either

white and sodden, or angry red in appearance.

TABIE 30. 70 Cases
State of Pleura in 70 Pneumothoraces as seen at
Thoracoscopy
Hea lthy Unhea lth Total

No. % |No. o No A
Unilateral pneumo-
thorax and
empyema 21 23 44
Bilateral pneumo-
thorax and
unilateral
empyemsa 5 17 22
Bilateral empyema 3 1 4
Total 29 |41.4 41 58.6 70 100.0

Six of the 41 cases noted as having unhealthy pleura

had, in fact, numerous tubercles on the visceral and

padrietal pleurae.

Table 30 shows that nearly 59% of the cases

in whom the state of the pleura was known were seen

at thoracoscopy to be unhealthy.
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12, Broncho Pleural Fistula

Known broncho-pleuralvfistula occurred in
twenty-eight (34.6%) of the eighty-one pneumothoraces
in which empyema developed.

Pifteen fistulae (53.6%) occurred in the
fifty cases of unilateral pneumothorax, Twe lve
(42.8%) occurred on the homolateral side in the
twenty-five cases of bilateral pneumothorax, while one
broncho-pleural fistula (3.6%) occurred in the six
pneumothoraces involved in the three patients who

developed bllateral empyems.

Secondary infection in cases of Broncho-pleural fistula,

Eighteen (64.3%) of the twenty-eight cases
of broncho-pleural fistula produced immediate secondary
infection of the pneumothorax space while simultan-
eously causing tuberculous empyems. Thus of the
total of thirty-five empyemata which became secondar-
i1ly infected, eighteen (51.4%) owed their‘secondary
infection to broncho-pleural fistulae.

Type of Collapse and State of Cavity Closure 1in
cases of Broncho-pleural fistula.

Table 31 shows the type of collapse after
adhesion section in twenty-seven cases of broncho-

pleural fistula, The remaining case was not operated

upon.
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TABLE 31 27 Cases

-

Broncho-pleural Fistulae; Type of Collapse
and State of Cavity Closure

Cavity Closed |Cavity not
Closed
No. % No. % Total 7

Type of Collapse
Satisfactory 1137 8 29,6 9 23,3
Incomplete 0 0 .10 37.1 10 37.1
Ineffective 0 0 8 29.6 8 2G, A

Totals 1 3.7 ?6 96.3 27 100.0

Table 31 shows that twenty-six of the fistulae
equivalent to- 96% , occurred in cases of collapse in
which cavity closure was not obhtained. IMine cases of
fistula (3%2.1% of the total number of fistulae), occurred
in pneumothoraces classed as satisfactorily collapsed
after adhesion section, but in only one of these
collapses was cavity closure obtained. Eighteen fistulae
occurred in cases either incompletely or ineffectively
collapsed, but in none of these cases was cavity closure
obtained.

One other case of fistula occurred in a pneumo-

thorax with ineffective collapse. o adhesions were divided
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when 1t was found at thoracoscopy that they were very
extensive. Adding this case to the eight already
noted as ocecurring in cases of ineffective ecollapse,
it raises the total number of fistulae in this class
of collapse to nine, equivalent to 32.1% of the total
number of twenty-eight broncho-pleural fistulae.

Classification of Disease at Induction of Pneumo-
thorax in cases of Broncho-Pleural Fistula,

The twenty-eight cases which later developed
broncho-pleural fistula were classified according
to the type of disease present at induction of pneumo-
thorax (Salkin and Cadden's classification). Table
32 showsg the classification,

TABLE 32, 28 Cases

Type of Disease. No. of Casges %

Moderately advanced

diseass 9 32

Mar advanced disease 19 68
Total 28 100

Table 32 shows that a little over two-thirds of the
cases which developed broncho-pleuralfistula were

in the "far advanced" class of disease at induction

of pneumothorax,
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State of Pleura at Thoracoscopy
In the twenty-eight cases of broncho-pleural
fistula, the pleura was found to be unhealthy in
twelve (42.9%), healthy in twelve (42.9%), and was
not recorded in four cases (14.2%).

Causes of Broncho-Pleural Fistula and Interval from
Adhesion S€ction

Within one week of asdhesion section :-

Nine cases of fistula occurred within one
week of adhesion section.

Three cases were traumatic at operation,
spontaneous pneumothorax or fistula occurring at
intervals of 12 hours, 48 hours and 72 hours respect-
ively after operation.

Four cases suffered rupture of tension

cavities , two cases occurring three days after
operation and two on the seventh day after operation.
In one of these cases the collapse was apparently
satisfactory , in two it was incomplete and in one
ineffective . In none was cavity closure obtained;
on the contrary, all these cases had ballooning
tension cavities.

' Two cases suffered fistulae through unhealthy




tuberculous pleurae on the seventh day following .
oneration,
ohtained although collapse was satisfactory in one
case but incomplete in the other. One of these
cases was noted at thoracoscopy to have numerous
tubercles on the visceral pleura, whilst the other

had a dull white sddden pleura with areas of caseation

heneath.

Of the remaining nineteen cases of broncho-pleural
fistula, eighteen occurred at intervals following

adhesion section as shown in Table 33.

Lighteen Cases of Broncho-pleural Fistula: Interval
in weeks following adhesion section till occurrence
of Fistula and apparent Causes of Fistulae.

L9

In neither case was cavity closure

TABLE 33

i

|

Case No. Interval 7“rom Cause of Fistula.
operation till
fistula.
Weeks
1 2 Ruptured apical cavity.
) 2 Ruptured upper lobe cavity.
3 3 Rupture throush tuberculous |
pleura !
L 3 Rupture of unner lobe cavity
5 L Ruptured apical cavity
6 5 Ruptured upper lobe cavity
7 7 Ruptured apnical cevity.
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TABIE 33 (Continued)

Cagse No.| Interval from Cause of Fistula.
- operation
t111l fistula.
Weeks
8 7L Rupture of upper lobe
cavit Yo
9 10 | Rupture of dorsal lobe
cavity.
10 10 Rupture of upper lobe cavityﬂ
11 14 Rupture of apical cavity.
12 16 Rupture through pleura
, studded with tubercles.
13 18 Rupture of apical cavity.
14: 20 )) 1 " 1" "
15 20 )
16 24 n 1] 1] "
17 40 Rupture of lower lobe cavity
18 68 Rupture of dorsal lobe
cavity.

One case on which no operation was per-

formed and in whom pneumothorax was induced while a
tuberculdus pneumonia was present suffered broncho-
pleural fistula twelve weeks after induction of the
pneumothorax and four weeks from thoracoscopy. In
this case the collapse had been induced and maintained
by positive intra pleural pressures in the presence of
tuberculous pneumonia and very extensive pleural

adhesions.
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Of the twenty-seven cases submitted to
Pneumolysis, the causes of broncho-pleural fistula
were as.follows:-
d. Three were due to trauma at operation.

24 Twenty were due to rupture of cavities.
Seven of these cases occurred in apparently
satisfactorily collapsed cases, but in none
was cavity closure obtained. The remaining
thirteen occurred in cases either incompletely
or ineffectively collapsed. One case of
ruptured cavity resulted after 4 months
treatment by oleothorax.

3e Four cases occurred from rupture of tuberculous
foei through diseased pleurse. In one of
these cases collapse was complete and the
cavity apparently closed, but spontaneous
rneumothorax occurred 16 weeks after operation.
. In this case the pleura was seen at thoracoscopy
t0o be studded with tubercles. In the other
three cases cavity closure was not obtained
and the collapses were either incomplete or
ineffective.
In three cases which suffered broncho~pleural
fistula, diaphragmatic paralysis by phrenic crush
was performed to attempt to close & ballooning tension
cavity. In one other case phrenic crush, supple-
mented by pneumo-peritoneum was done, but this also
failed to prevent the cavity from enlarging and

rupturing.

Atelectasis in Cases of Broncho-pleural Fistula.

Broncho~-pleural fistula was preceded by

complete atelectasis of the lung in five cases (18%)
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and lobar atelectasis in two cases (7.1%) of the total

number of twenty-eight cases in which fistula occurred.

13. Relationship of Adhesion Section to Onset of ZImovema.

It has been shovn in the oreceding pages
that twenty-eiéht of the total of eighty-one empyemata
were due to known broncho-pvleural fistulae., Twenty-
seven of these cases were submitted to operation.

After deducting these twenty-seven cases from the total
of seventy-four on whom adhesion section was performed,
férty-seven cases remain for consideration,

S3ix empyemata, including one case of bilateral
empyema, did nét develop till between 1 and 3% years
after.adhesion section. It is unlikely that operation
was asgociated with the subsequent’development of empyema
in these cases, although Goorwitch (1943) quotes Smart
ag stating that empyem& occurring within one month to
two years after adhésibn section may possibly be related
to the operation.’ The six cases mentioned above
will be considered later. This leaves forty-one
cases of empyema for consideration now in relation to

adhesion section.
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Table 34 shows the time interval in weeks

between the operation of adhesion section and the
subgsequent onset of emoyema in the forty-one cases
mentioned above, For reference, the twenty-seven
cageg of bronqpo-pleural fistula are included in
Table 34.

TABLIE 34. 41 Cages

Interval between Adhesion Section and Onset of Empyema.

Interval in No, of |No, of Total
weeks from Cageg: |Cageg:
operation Cauges |Empyema
till onset of of due to
empyema . empyema |broncho-

to be pleural

consid- |[fistula,

ered.,
1., Within 1 wk. 14 9 13
2. Between 1 and 2 wks. 4 2 6
3. " 2and 3 " |0 2 2
4, " 3and 4 " |1 1 2
5. " 4and 5 " |1 0 1
6. " 5and 6 " |2 0 2
7 " 6and 7 " |2 2 4
8. " 7and 8 " |2 1 3
9. " 8and 9 " 1 0 1
10 " 9 and 10" |3 2 5
11 " 10 and 11 " | 3 0 3
12 " 1land 12 " |1 0 1

Total 24 19 43
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TABIE 34 (Continued)

Interval in No, of No., of Total
weeks from Cagses: Cages:
operation Causes Empyema
t111 onset of of due to
empyeme . empyema |broncho-

to be pleural

congid- | fistula,

ered.
13. Between 12 and 13wksd 2 0 2
14, " 13 and 14 " 1 1 2
15, " 14 and 15 " 1 0 1
16. " 15and 16 " | O 1 1
17. " 16 and 17 " [ O 0 0
18. " 17 and 18 " 1 1 2
19. " 19 and 20 " | 1 2 3
20, At 21 wks. 0 0 0
21, At 24 " 1 1 2
22, At 25 " 1 0 1
23, At 26 " 1 0 1
24, At 28 " 2 0 2
25, At 32 " 2 0 2
26, At 33 " 1 0 1
27, At 36 " 1 0 1
28, At 40 " 2 1 3
29, At 68 " 0 1 1

Total 41 27 68
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It was declded arbitrarily to divide cases
of empyemd not due to known broncho-pleural fistulae
into two groups :-

1. Those in which empyema developed within twe lve
weeks of adhesion section; and

2e Those in which empyema developed after an interval
of more than twelve weeks from adhesion section.

Table 34 shows that forty-three (58.1%) of
the seventy-four cases submitted to adhesion section
deve loped empyema within twelve wesks of operatiorn.

Of these, nineteen (44.2%) were due to broncho-pleural
fistula., The remaining twenby-four cases were duvue to
other causes. These cases will be considered in the
pages immediately following.

Seventeen cases developed empyema after an
interval of between twelve and forty weeks following

adhesion section. These cases will be congidered after

those which occurred within twelve weeks of adhesion section.:

Three patients, involving six pneumothoraces
who developed bilateral empyem2 will be considered
separately because each of the six pneumothoraces came

into different categories both as to interval between

adhesion section and onset of empyema and type of collapse

resulting after adhesion section. Indication will bhe
given where any of the six empyemas come into the first

or second categories mentioned above.
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Minally, there will be considered the five
pneumothoraces not submitted to adhesion section.
Of two other pneumothoraces not submitted to adhesion
section, one has been considered already in the cases
in which empyema was due to broncho-pleural fistula,
while the other will be included in the three cases of

hilateral empyema,

Twenty-four cases of Empyema which occurred within
twelve weeks of Adhssion Section.

Of these twenty-four cases, two were due
directly to adhesion section and four to induction of
pneumothorax in unsuitable cases with adhesion section
precipitating empyema. Tetails of these cases are as
follows :-

1. Two cases developed massive haemothorax one day and
five days respectively after operation. Empyema followed
haemorrhage in six weeks and eleven wWeeks respectively.
2 Two cases developed empyema in four days and seven
days respectively after operation. Adhesion section
lasted 65 minutes and 80 minutes respectively, suggest-
ing the existence of extensive adhesions. 3Both cases
had tuberculous vneumonia at the time of induction of
pneumothorax.

3. Two cases developed empyema within seven days of
operation. 3oth cases had far advanced very active

disease at the time of induction of pneumothorax and
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both had unhealthy tuberculous pleurae and adhesions.
The remaining eighteen cases in which empysma
developed within 12 weeks of adheslion section will
now be considered.
These cases were clagsified as follows,
according to:

1. Type of collapse and whether cavity closure
resulted after adheslon section.

No., of Casges,

1, Satisfactory collapse and

cavity closure 1
2, Satisfactory collapse and

failed cavity closure 2
3., Incomplete collapse and

cavity closure 6
4, Incomplete collapse and

falled cavity closure 5
5. Ineffective collapse and

failed cavity closure _4

18

2. Type of Disease at Induction of Pneumothorax.

1. According to the Ministry of Health's classificat-
ion for pulmonary tuberculosis, e.g. RAl, RB2,
RB3.

2., According to Salkin & Cadden's modification of
the classification adopted by the American
Tuberculosis Association (1941) referred to as
S. & C, in the Tables,
Sub-groups 5 and 6 refer to moderately advanced
disease; sub-groups 7, 8, 9, 10, 11 and 12
refer to far advanced disease, the severity
of the dlsease increasing with the grading numbers.
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Satigfactory collapse with apparent cavity closure,

One case only came into this category -

a unilateral pneumothorax.

TABLS 35. 1 Case
Cage| Clagsification| E.3.R. |State of [Inter- | Inter-
No., | of Diseage at at Pleura vel val
induction of induct- |at from from
pneumothorax., ion of |Thora- induct-{adhesion
Min,. S.%& C,| pneumo-|coscopy [ion gsection
of thorax t111 ti11
Health MeMa pdhes- | empyema.
2 hrs. ion
(West.) sect-
ion.
Weeks Wee ks
1 RB2 10 54 Unhealthy] 6 9
(3 aspir-
atlions
be fore
operat-
ion),.

Remarks -

This case had a massive effugion to the

second costal cartilage three weeks after induction

of the pneumothorax, which suggests a pleuritis

existed before and at the time of adhesion section.

The lung disease was apparently far advaneed, though

not very acute.

Cauge of empyema appears to have been operation in

the presence of far advanced lung diseage and

active tuberculous pleuritis,
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Satigfactory collapse and falled cavity closure.

Two cases: Case 1 was & unilateral pneumo-
thorax. Case 2 was a bilateral pneumothorax,
TABIS 36, 2 Cages
Case| Classification| E.3.R. |State Inter- Inter-
No. |at induction at of va 1l val
of A.P, induct-~| pleura |from from
Mine. S & C. ion at induet- [pneumol-
of MeMe Thora- {ion ysis till
Health. 2 hrs coscopy |till empyema,
(W.) pneumol-
ysis.
Weeks., Weeks.
1 RBZ2 6 34 Healthy 6 8
2 RB2 8 29 Red 8 8
in-
flamed
fluid
Remarks -

activity at induction.

Cage 1 was one of moderate disease and

Diaphragmetic paralysis

by phrenic crush was done in an attempt to close

the cavity.

The cause of empyema is not known.

It may have been due to:

(1)

(2)
(3)

relatively 1ilnactive disease at induction.

Adhesion section.

A slow broncho-pleural fistula.
Pailure to achieve cavity closure.

Case 2 was one of moderately far advanced

Pleura was
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red and inflamed and fluid was present at operation,
suggesting that a pleuritis existed. The cavity
in this case was situated in the left lower lobe
and was basal in situation with fluid level inside.
Empyems m&y have been due to adhesion section on &
red inflamed pleura or to spread of disease from

the patent cavity.

Incomplete collapse and cavity closure.

TABLS 37 6 Cages

Cases Nos., 1, 2, 3 and 4 were unilateral pneumothoraces.
Cages Nos. 5 and 6 were bllateral pneumothoraces,

Ce.ge| Classification 2.3.R. State Inter- Inter-
No. |at induction. at of val val
Min. S & C, | induct-| pleura (from from
of ion of at induct- pneumo-
Health AP, thoraco- {ion lysis
: MeMe scopy t111 till ,
2 hrs,. pneumol- empvemai
(W) ysis.
Weeks, Weeks
1 RB2 6 19 Healthy 7 10
fluid
2 RB2 5 20 Healthy 10 6
3 RB2 8 30 Unhealthy} 6 12
white
sodden
4 RB2 7 46 Tubercles| 7 7
5 agpir-
ations
be fore
operation
5 RB2 6 31 White, 8 10
dull
6 RB2 11 38 Angry, 6 2
red
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Remarks -

Cagse 1 developed pus by 10 weeks from adhesion
section, in spite of moderate disease and moderate
activity at induction. Adhesion section occupied
55 minutes. Collapse was incomplete, suspended
at the apex. Cause of empyema may have been two-fold:
(1) Adhesion section; (2) maintaining unrelaxed
collapse of lung with stretching of the remaining
adhesions.

Case 2: Moderate disease and moderate ac-
tivity. Massive effusion occurred in 2 weeks
from operation. Positive pressures were used to
maintaln an incomplete collapse. Apparently this
empyemé was due to combination of adhesion section and
maintaining by positive pressures an incomplete
collapse.

Cagse 3: Moderate disease and moderate activity.
Pleura was infected and positive pressures were
used to maintaln incomplete collapse. Adhesion
section took 70 minutes. Cause of empyema was
either adhesion section or maintaining incomplete
coilapse in presence of tuberculous pleura and
adhesions, stretched by positive pressures.

Case 4: Moderately far advanced disease;

moderate activity. Pleura markedly tuberculous.
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Complete atelectasis developed 5 weeks from operat-
ion, Cause of empyema apparently was operation
on tuberculous pleura and possible spread from
atelectatic lung.

Case 5: Moderate dlsease and moderate activity:
pleura white and dull, Complete atelectasis
developed 1 week after operation. Adhesion section
lasted 50 minutes. Cause of empyema appears to

have been a combination of:

1. Operation on unhealthy pleura and adhesions.

2e Spread in atelectatic lung to pleura,

3. Maintaiging unrelaxed collapse suspended at
the apex.

Case 6: One of far advanced moderately
active disease at induction of pneumothorax., Pleura
and adhesions red and angry. Empyema in 2 weeks
following adhesion section suggests that the cause

wag adhesion section on an unhealthy inflamed pleura.
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Incomplete collapse and failed cavity closure.

TABLE 38,

5 Cages

Four cases (Nos. 1 to 4) were unilateral pneumothoraces.
one of bilateral pneumothorax.

One case (No. 5) was

activity at induction.

Cagel| Clagsification | E.S.R. |State of |Inter- Inter-~
No. | of Disease at at Pleura val val
: induction of induct-|at from from
A.P, ion of | thora- Induct-~ pneumol-
Min. S.& C. AL.P. coscopy |[lon ysis
of Melle till till
Health. 2 hrs. pneumol-| onset
(w.) ysis. of empyemﬁ
Weeks . Weeks
1 RB2 5 38 Red, 12 2
dusky,
sodden.
2 RB3 11 58 Sodden 12 4
white
fluld
3 RB2 8 55 Healthy 15 11
4 RAZ 5 38 Healthy 7 8
5 |RB2 11 89 Tuberclei 8 4
fluid
Remarks -
Case 1, One of moderate disease and moderate

Pleura red, dusky, sodden.

Purulent empyema 1in 2 weeks from operation suggests

adhesion section was the cause.

Cage 2,
disease at induction.

to maintain collapse.

One of far advanced fairly active

Pogitive pressures were used

Effusion to the 4th costal
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cartilage existed prior to operation. This would
suggest a pleuritis ekiéted before operation.
Empyema appears to have been due to a combination
of factors such as ;

l. Maintenance of incomplete collapse by positive
' pressures.

2. Adhesion section on tuberculous pleursa.

Case 3. Oné.s}.QSAerately advanced disease
and moderéte activity at induection. Adhesion section
occupied 60 minutes. Complete atelectasis developed
eight weeks after operation. Empyema appears to
have been due to combination of :

1. The presence of endo-bronchlal disease and

development of atelectasis, which became complete.

2. Extensive adhesion section.

3. Maintenance of incomplete collapse.

Case 4. One of moderately advanced and
moderately active disease. Complete atelectasis
developed seven weeks after operation. Cause of
empyema seems to have been due to the same factors
as Case 3 above.

Case 5. One of far advanced sctive disease
at induction. Pleura studded with tubercles.
Empyema was due apparently to adhesion section

in the presence of an scutely tuberculous pleurs.
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Ineffective collapse and failed cavity closure.

TABIE 39.

4 Cases,

Four pneumothoraces fell into this category, but
cagse 4 will be omitted as it was one half of a
bilateral empyema and will be dealt with later.,

Cases Nos, 1 and 2 were unilateral pneumothoraces.,

Cage No, 3 wag one of bilateral pneumothorax,
Case|Classification | E.S.R. State of|iInter- Inter-
No. |of Disease at at Pleura val val
induection of induct- | at from from
AP, ion of thora - induct- | pneumol-
Mine. S.& C,{A.P. coscopy |ion of ysis
of MeMe AP, till
Health., 2 hrs. till onset of]
(W.) pneumolyfempyemsa
sis.
Weeks. Weeks .
1 RB2 8 74 Healthy 8 5
2 RB2 11 80 Not 15 10
stated
3 RB2 6 76 Sodden, 11 2
dark
red
Remarks -
Case 1. Moderately far advanced but acutely

active disease at induction of pneumothorex,

Phrenic

crush and pneumoperitoneum were performed to supplement

ineffective collapse.

Causes of empyema combination of factors:

1. Collapse by pneumothorax of acutely active

advanced disease 1In lung.
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2. Failure to control diseesese by pneumothorax or
diaphragmatic paralysis and pneumo-peritoneun.

3 Adhesion section.

Case 2: Far advanced active disease at
induction of pneumothorax. Collapse maintained by
vpositive pregssures for 15 weeks prior to adhesion
section. After effusion developed high negative
pressures were used in attempts to get the lung to
reéexpand rapidly. Two apical cavities remained

patent despite pneumothorax and diaphragmatic

praralysis by phrenic evulsion.

Causes of Empyema :

1 Collapse by pneumothorax of acute actively
diseased lung. v

2 Maintaining inneffective de~selective collapse
with stretching of adhesions by positive intrg-
pleural pressures 8end failure to et eavity closure.
2 Possible slow hroncho-nleural fistula from the
effect of repeated and prolonged use of high
negative intra-pleural pressures s2fter aspiration.
Case 3: Moderate but very active disease;
Pleura dark red and inflamed. Purulent effusion in
two weeks from operation on adhesions surmgests that

empyema in this case was due to adhesion section on

unhealthy pleura and adhesions.
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Summary of Causes of Empyema in twenty — four cases

in whieh it occurred within 12 weeks of Adhesion Section.

Only twenty - three empyemata are, in fact,
inciuded under the above heading; the remaining case
is considered with the six pneumothoraces invoived 1in
the three patients who developed bilateral empyems.

The principal causes of empyems in these

twenty-three cases seem to have been :-

1. Adhesion section alone or very possibly the
existence of an unhealthy pleura, rather than the operation
alone , irrespective of the type of collapse ,was
responsible in twelve , or just over 50/ of the cases.

If adhesion section were solely to blame in these cases

very early effusion would be expected.

Ze In ten cases a combination of factors seem to

have been responsible for the empyemata. These factors

were :-

1. Failure to achieve cavity closure

2e The presence of unhealthy inflamed pleurs and
adhesion section on such pleurs.

3. Maintaining incomplete or ineffective collapse
with uncontrolled disease and the stretching of
unhealthy adhesions by positive intra-pleursl
pressures.

4, Complete atelectasis supervening after adhesion

section. Complete atelectasis developing also
suggests endobronchial disecése wes present.

5. Ir one case the cause is not known,
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14, Seventeen cases developing empyema between

twelve and forty weeks after adhesion section.

It 1s not suggested that seventeen cases
which developed empyema after an interval varying
between twelve and forty weeks from the date of
adhesion gsection owed the occurrence of empyema
directly to the operation. They are described
unéer that heading as a métter of convenience and to
permit of comparison with the previous twenty-four
cases which occurred at intervals up to twelve weeks
following oﬁeration.

These seventeen cases will be clagsified in
similar fashion, that is, according to:

1. Type of collapse and whether cavity closure
was obtained or not after adhesion section.,

2. According to the type of disease existing at
the induction of pneumothorax

claggified (1) according to the classification of
the Ministry of Health.

(2) According to the classification of
the American Tuberculosis Agsociation
as modified by Salkin and Cadden.

The type of collapse and state of cavity

closure in the seventeen cases now to be considered

wag ag follows:-
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No, of Cases,

Satisfactory collapse; cavity closed

Satisfactory collapse; failed
cavity closure

Incomplete collapse; cavity closed

Incomplete collapse: falled cavity

closure

Ineffective collapse; failed cavity

closure

4

15 les

Satisfactory coliapse and cavity closed.

TABLE 40,

4 cases.

Cagses 1, 2 and 3 were unilateral pneumothorax.
Cagse 4 bilateral pneumothorax.

-

Casge| Classiflication| E.S.R. State of| Inter- |Inter-
No, | of Diseagse at at Pleura val val
induction of inductf- at from from
A,P. ion of thora- induet-]| pneumol-
Min. 5. & C, | AP, coscopy | 1on ysis
of : Mo, til1l t111
Health 2 hrs. pneumo-| empyema
(W) lysis
Weeks Weeks
1 RB2 8 60 Dusky red 18 13
fluig
2 aspir-
ations
2 RB2 10 56 Red, in- 6 18
flamed
3 RB2 11 57 Red, in- 8 24
1 flamed
4 RB2 8 85 Healthy 8 26
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Remarks -

Cage 1l: One of moderately far advanced
fairly active disease at induction. Aspiration
had to be done twice before operation, suggesting
a pleuritis existed then. Complete atelectasls
developed one week after operation.

Cauges of empyema: Adhesion section on diseased

pleura and the effects of complete atelectasis.

Cagse 2: One of far advanced disease and
moderate activity at induction. Haemothorax
followed 3 days after operation.

Causes of empyema: Adhesion section and haemothorax,

Cage 3: Far advanced active disease at induct-
ion. Pleurs unhealthy. Adheslion section occupied
55 minutes.

Cause of empyema: Not known - can only be surmised

~that a pre-existing pleuritis was aggravated by

operation.

Case 4: Moderately far advanced but very
active disease at induction of pneumothorax.

Empyema in this case.must have been due

4
to:
1. Collapse by pneumothorax of a lung affected
by acutely active disseminated disease
which was unsuitable for treatment by collapse.
2. Spread to pleura despite satisfactory collapse

and cavity closure.
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Satisfactory collapse - failed cavity closure.

TABLs 41. 5 Cases

Cages Nos. 1 to 3 were unilateral pneumothoraces.

Cases Nos. 4 and 5 were bilateral pneumothoraces.

Cage|Classification|s.S.R. State Inter- Inter-
No. |of Disecase at |at of val val
induction of induct-| Pleura |[from ‘from
AP, ion of at induct- | pneumo-~
Min. S & C (AP, thora- |ion lysis
of MeMe coscopy|till till
Health 2 hrs pneumo- | empyema
(W) lysis
(Yeeks (Weeks)
1 RB2 9 67 Healthy 8 32
2 RB2 10 36 " 7 33
3 |RrB2 11 |70 Not 6 20
stated
4 RB2 6 14 Healthy 8 32
5 RB2 11 93 " 7 28

Remarks -

at induction.
after adhesion section.

later.

Case 1 was one of far advanced active diseasge

Complete atelectasis developed 30 weeks

to attempt to close the cavity.

Empyema followed two weeks

Phrenic evulsion had been done previously

Causes of empyema apparently due to three. faectors

1.

2.
3.

Collapse of acutely dlseased lung.

Occurrence of complete atelectasis.
Tgilure to achieve cavity closure.
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Case 2: One of far advanced but only moderately
active disease at induction. Pleura healthy.

Cause of empyema not known ¢ may have been spread

to pleura from uncontrolled lung disease.
Case 3: One of far advanced active disease at
induetion of A.P.

Cause of empyema appears to have been spread from

uncontrolled lung disease to pleursa.

Case 4: Moderately advanced , moderately
active disease at induction. A large peripheral
cavity remained patent in an atelectatic upper lobe.
Cause of empyema: Broncho-pleural fistula was not
proved but from the radiological appearances after
empyema developed this would appear to have been the
cause. Spread of disease to the pleura with consequent
rupture(slowly)of the peripheral cavity appears to
have occurred.

Case 5; Very active widely disseminated disease
with multiple cavitation.

Ceauses of empyema :

1. Collapse of acutely active cavitated lung,
unsuitable for pneumothorax.

2o Spread from uncontrolled lung disease to pleura.
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Incomplete collapse - cavity cloged.

TABLE L2 1 case: Unilateral Pneumo-
thorax.
Case|Classification [E.S.R. [State Inter- Inter-
No. | of disease at of val val
at induction of|induct—Pleura from from
A, P. ion of |at induet—= | pneumo-
Min. S,& C, |A.P thora-— ion lysis
of Me M coscopy | till till
Health 2 hrs PNneumo= | empyema
(w) lysis
(Weeks) | (Weeks)
1 RB2 5 9 Healthy 8 15

Remarks -

Case of very moderately advanced disease

.and slight activity at induction of pneumothorax.

Complete atelectasis developed L weeks after adhesion

section.

Causes of empyema - combination of two factorsi-

1.
2.

Maintaining incomplete collapse.

Occurrence of cbmplete atelectasis.
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Incomplete collapse - failed cavity closure.

TABLE 43.

4 case

s

Cages 1 and 2 were unilateral pneumothoraces,

Cages 3 and 4 were bilateral pneumothoraces.

Cage| Classification |&.S.R. State Inter- Inter-
No, | of diseage at -’ of val val
at induction of|induct4 Pleura |[from from
AP, ion of at induct-| pneumo-~
Min.,. S & ClA.P. thora- |ion lysis £111
of MeTle coscopy |t111 empyema
Health 2 hrs nneumo-
(W) lysis
(Neeks)| (Weeks)
1 RB2 6 76 Angry, 8 28
inflamed,
all ad-
hesions
also
2 RB2 7 45 Sodden 6 14
white
3 RB2 8 28 Angry 7 36
and senbitl-
ive
pleura and
adhesions
4 RB3 12 78 Not known: 12 40
fluid
present
Remarks -
Case 1l: Case of moderately advanced digease

but acutely active disease at induction of pneumo-~

thorax.

Positive pressures used to maintain collapse,

Pleura and adhesions inflamed and angry.

Lobar atelectasis developed 4 weeks after adhesion
seCtion.
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Causes of empyema: Apperently a combination of
the following factors :-

1. Pneumothorsx induced in state of acute activity
of disease.,and failed cavity closure.

2. Positive pressures used to maintain a collapse
widely adherent at apex.

Cage 2: One of moderately far advanced and
'moderately active disease at induction. Pleura
unhealthy.

Cause of empyems not known ,but may have been due

to a combination of the following factors:-

1. Maintaining incomplete collapse.

2. Adhesion section on unhealthy tuberculous pleural

adhesions.
3. Uncontrolled lung disease allowing spread to pleura.

Case 3: One of moderately far advanced,
relatively inactive disease at induction. Pleura
and adhesions angry and inflamed.

Ceuse of empyema not detinitely known but may have
been due to

1. Maintaining incomplete collapse.

2. Spread of uncontrolled lung disease to pleurs.

Adhesion section was done 36 weeks prior to empyema

developing and can reasonably be exonerated from blame.
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Cage 4:

acutely active disease at induction.

collapse maintained for three months

adhesion section.

Caugses Of empyema:

1.

2.

Se

Fluid present at

One of far advanced disseminated
Incomplete
prior to

operation.

Collapse of lung in which there was acutely
active wildespread disease,

Maintaining incomplete collapse.

Uncontrolled disease allowing spread to pleura,

Ineffective collapse and failed cavity closure

Three empyemata, in fact, fell into the

above category, but one is excluded as it occurred

in a patient with bilateral empyema.

This case

will be considered with the bilateral empyemata.

TABLE 44. 2 Cases
Cagse | Classification [E.S.R. |State of |Inter- Inter-
No. of disease at at Pleura at|val val
induction of induct-| thora- from from
AP, ion. coscopy induct- | pneumo-
Mine. S & C, |me.me. ion lysis
of 2 hrs till ti1ll
Health. (v ) pneumol-| empyema
ysis
(weeks) | (Weeks)
1 RB3 8 5 Angry red 24 40
2 RB2 10 72 lustre - 6 13
less
fibrin:
present
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"Remarks -

Case 1: One of moderately far advanced disease
and moderate activity at induction. Pleura unheslthy;
adhesion section took 75 minutes. Cavity remained
open.

Causes of empyems not defintely known but may have

been due to 8 combination of factors such ass-
1. -Palilure to bring about cavity closure.

2. Maintaining hefore and after adhesion seection
an ineffective collapse for 16 months in s
case of multiple cavitation, unsuitable for
collapse by pneumnothorax.

3o Extensive adhesions ; inflamed adhesions

existed before and after adhésion section,
but the collapse was maintained.

Case 2; One of far advanced active disease;
pleura unhealthy.

Causes of empyems - es in Cage 1 above with the

possible aggravating effect of adhesion section

on an unhealthy pleurs as an additional factor.
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Summary of Causes of Empyema in 17 cases in which

it occurred between 12 and 40 weeks from Adhesion

Section.

Only sixteen cases are,in fact, included
in the above category; the remaining empyeme will
be considered with the bilateral empyemata.

The prinecipal causes of empyema in these
sixteen cases are as follows. It is advisable to
state that the causal factors are not tabulated

in order of importance.

1. Adhesion section in one case.

2e A combination of factors in fourteen other
cases. These were :=

(a) Collapse by pneurothorax of cases unsuitable
for trestment by pneumothorax.

(p) Pailure to achieve cavity closure with con-
seguent spread of uncontrolled lung disease
to the pleura. Broncho-pleural fistula may
have occurred in one case from this cause.

(e) Development of complete atelectasis

(a) Txtensive adhesion section on unhealthy pleursae
and adhesions.

(e) Maintenance of incomplete or ineffective
collapse - in some cases by positive intra-
pleursl pressures.
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Bilateral Empyema.

Three patients developed bilateral empyema.,
Details of the six pneumothoraces involved are

given in Table 45.

TABIE 45
3 Cases of Bilateral Empyema
Case |Claggification | E.S.R. | State |[Cavity | In- Inter-
No., |of Diseage at at of closed |ter- val
induction of induct-| Pleura jafter val from
AP, ion at ad- { from pneumo- .
Min S, & C.| meme thora- (hesion | in- lysis
of 2 hrs cogcopylsection|duct- (till |
Health,. (W) ion empy-
till ema j
pheumo - |
lysis
(Nkse) [(Wkse)
1 (L) RB3 11 68 not No 7 18
stated
(R)| RB3 11 62 " No No op- | 14
erat - from
ion: in-
aban- duct -
doned ion
2 (L) RB2 8 39 Unheal- |No 6 10
thy whitg,
thick,
agpirated
before
opn.
(R){ RB2 8 37 Healthy |No 21 20
3 (L) RB3 12 64 Healthy |No 7 18
mths,
(R)] RB3 12 48 " No 7 14
mths.
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Remarks -

In each case the left (L) pneumothorax
wag induced first.

Cage 1: (L) side - far advanced active disease
at induction. Collapse ineffective. Broncho-pleural
fistula occurred from rupture of an apical cavity
18 weeks after adhesion section.

(R) side -~ far advaﬁced active disease at
_induction of pneumothorax, which was done five-and-a-
half months after induction of the (L) A.P. and seven
weeks before the left empyema developed. Collapse was
ine ffective. Thick pus was aspiréted 14 Weeks'after
induction. This empyema was due to maintaining an
ineffective collapse with stretching and possible tearinc

of multiple adhesionsy and failure to get cavity closure.

Case 2: (L) side - moderately far advanced,
moderately active at induction. Pleura unhealthy.
Fluid was removed at operation. Collapse ineffective.

Cause of empyema: Adhesion section on tuberculous pleura.,

(R) side - Moderately far advanced, relatively
inactive disease at induction. Pneumothorax induced
3 months after the (L) A.P. and 6 weeks before left

empyema appeared. Collapse ineffective - disease and
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multiple cavitation uncontrolled.

Causeg of empyema:

1. Unsuitable case for treatment by pneumothorax.

2. Spread of uncontrolled disease to pleura.

Cage 3: Bilateral far advanced active disease
at induction. !

(L) - collapse satisfactory but cavities not
closed after adhesion sechion. &ffusion appeared one
week after operation - cleared after one aspiration,
Oleothorax instituted.

(R) - collapse ineffective but maintained by
oleothorax. Pure pus wag aspirated from both sides on
ocecagion of fifst‘aspiration.

Cauges of empyema:

On the (L) side - oleothorax was induced after
an effusion had occurred. Bronchb-pleural fistula from
oleothorax appears to have been the cause, but was not
proved as the patient never spat up oil or pus mixed with

oil;

On the (R) side -

1. Collapse of lung affected by active disease with
multiple cavitation.

2. Maintenance of completely ineffective collapse by
pneumothorax and oleothorax.
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Four cases in whom Empyema did not develop till

after discharge from Sanatdrium.

Four cases déveloped empyema after dis-
charge from the Sanatorium, and while attending their
regpective tuberculosis clinics for pneumothorax
refills.

Three patients were re-admitted with empyema
of indefinite duration 2 years and 8 months, 3% years,
and 43 years from the date of adhesion seetion.

One case was not re-admitted, but ls known to have
developed empyema 2 years and 8 months after operat-
ion for adhesion section.,

It 1s not suggested that adhesion section
had any bearing on the development of empyema in
these cases, but the onset of empyema 1s dated
from operation for the sake of uniformity with the
previousg cases.,

Detalils of these cases are given in Table

48,
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TABL: 46. 4 Cases
Cage| Classification|E.S.R. | State Cavity| Type Inter-
No, { of disease at |a% of closed| of val
induction of induct-| Pleura [|after |col- from
pneumothorax. | ion. at pneum-| lapse | pneum-
Min. S.& C.|m.m. thora- |olysis|{after (olysis
of 2 hrs. | coscopy pneum-| £ill
Health (") olysis| serous
e ffus-
ion
- —lilecks)
f==""‘”’ wie] PFluid
1 RB2 6 38 Healthy | No |Tncom- )2%to
plete 5th
costal
cart,
wk Fluid
2 |rse 6 38 ot No | " [5kto
stated 4th
costal
cart,
wy Fluid
3 |RB2 11 91 Un- Yes |Com- Cgfto
healthy plete 4th
cogstal
cart.
4 RB2 11 47 Inflamed| No " Nil
red
|
Remarks -
Cage 1l: This patlent had only moderate diseasge

with moderate activity at induetion,

incomplete.

Cause of empyema -

1.
2.

Maintaining incomplete collapse.

Collapse was

Sputum positive at discharge.

Failure to achieve cavity closure and conversion

of sputum.
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Cage 2: Similar to Casge No., 1.

Case 3: Thls patient had advanced active
disease at induction. Zffusion developed after
adhesion section, but absorbed. Collapse maintained
by oleothorax.

Cause of empyema: Not known - may have been broncho-

pleural flgtula from effect of oleothorax.

Case 4: TFar advanced disease, but moderate
activity at induction.

Cauges of empyema - Similar to Case No. 1.
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Cagses of Pneumothorax and Empyema in which No Adhesion

Se¢tion was done.

Seven cases of pneumothorax were not sub;
mitted to adhesion section. Five of these were
inspected by thoracoscopy and the adhesions were
found to be inoperable, One of these cases deve loped
broncho-pleural fistula and has been considered
under cases in that category.

Two cases of pneumothorax were abandoned
before it was possible to inspect their adhesions
because empyema had already developed. One of
these pneumothoraces was in a patient who developed
bilateral empyema and has been consgidered with the
bilateral empyemata.

Five cases remain for consideration now.

Four cases of Pneumothorax and Empyeme submitted to

Thoracoscopy only.

Details of these cases are given in Table 47.
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TABIE 47 4 Cases
Cage| Clasgification| E.S.R.|State | Inter- |Inter-
No. | of Disease at at of val val
Induction of induct$Pleura| from from
AP icn at induect-~| thora -
Min. S. & C. | mem. thor- | ion cos-
of 2 hrs lacos- | till copy
Health (") copy. | thor- |£il1l
acos- empyemsa
copy
(Weeks) |(Weeks)
1 RB2 5 38 Angry 7 1
red
2 RB2 5 50 TNot 12 4
stated
3 RB2 11 88 Un- 16 1
healthy
white,
agpir-
ated
once .
4 RB2 10 20 Red and 8 10
inflamed

Remarks -

1.
2.

lately after adhesions were found to be not divisible.

All cases had ineffective collapse.

All pneumobhoraces were abandoned immed-

Caugses of Empyema in these Cases -

1.

2.

Induction of pneumothorax in the presence of
acutely active and/or far advanced disease, 2 cases.

Maintenance of ineffective and useless collapse. .
in all cases.
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One case of unilateral pneumothorax was
abandoned before thoracoscopy could be performed.

This patient had a pneuniothorax induced
while suffering from acute tuberculous pneumonia.
The collapse was quite ineffective. Pus was
agpirated -on the occasion of the first aspiration

11 weeks after induction of the pneumothorax.

Cause of empyema wag induction of pneumothorax

during acubte tuberculous pneumonia with rapld pleural

involvement.
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TREATMENT AN RESULTS

T shall now present the results of the
different types of treatment used in the eighty-one
empyemata., For the purposes of tabulation the
cages of "pure" not pyogenically infected empyemata
will be termed Group A, and those secondarily infect-
ed will be termed Group B, Thirty-four (43.6%) of
the 78 patients had empyemata which became infected
with pyogenic organisms, but as one patient with
bilateral empyema had both sides secondarily
infected, vhirty-five (43.2%) of the 81 empyemata
fall into Group B.

To obviate confusion in the presentation
of the results, it was considered wiser to deal
first with the fifty cases of unilateral pneumothorax
and empyema; secondly, with the twenty-five cases
of bilateral pneumothorax and unilateral empyems;
and thirdly, the three cases of bllateral empyema.
While this necessitates some degree of repetition
in the Tables, it avoids complications in dealing
with the three bilateral empyemata, where one patient
had different treatment used on each side, an 4 the
other two patients each had one empyema falling

into Group A, and one falling into Group B.
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Before proceeding to present details of
the type of treatment used and the survival of
the patients concerned in each Group, a summary
of cases of treatment and of survival is given
in the Tables 48, 49, 50 and 51.

Seven different types of treatment were
employed. These are given as contractions in
the Tables and their complete description 1s given
here. A, D, and L.S.0, in the Tables mean Alive,
Dead, and Lost Sight Of, respectively.

The treatments used were as follows :-

1. Simple aspiration and air replacement.

2. Iavage with Azo T. solution after aspiration.

Se Agpiration followed by lavage with Azo T and
combinations of Azo T, normal saline, eusol,
methylene blue, Carrel-Dakin solution, etc.

4, Agpiration only or combined with Azo T.and
saline lavage, plus sulphonamide powder or
penicillin intra-pleurally.

5. Agpiration, lavage with Azo T.,, saline, etc.
and finally closed drainage by self-retaining
catheter.

6. Oleothorax.

7 Thoracoplasty.
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Table 48 shows that of the seventy-eight
patients who developed empyema, either "pure” or
"mixed" type, forty-three are dead (55.1%) and
twenty-nine (37.2%) are alive, Six patients (7.7%)
were lost sight of. The period of survival was
at the longest 113 years, and at the shortest 3% years.

The figures in Table 48 include all cases
of empyema, whether in unilateral or bilateral
pneumothorax. With any type of treatment one
could assume that the cases of bilateral pneumothorax
with unilateral empyema will fare worse than caseg
of unilateral pneumothorax and empyema, while cases of
bilateral empyema will fare worst of all,

Tables 49, 50 and 51 show treatment and
survival of the fifty cases of empyema in unilateral
pneumothorax and in the twenty-five cases of
unilateral empyema in bilateral pneumothorax.

Group A and Group B cases are shown separately.
Table 49 shows the results when_Groups A and B are

combined.
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Of the total of Pifty patients, twenty-one
(42%) are alive; twenty-five (50%) are dead, and
four (8%) are lost sight of.

Of the twenty-one alive, seventeen (80.9%)
were in Group A and four (19,1%) in Group B.

Of the twenty-five dead, a total of fifteen
(60%) were in Group B and ten (40%) in Group A.
| One of the,Gfoup B cases lost sight of was known
to have gurvived at least three years,

Details of the treatment of these Groups

are given later.
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Of the total number of twenty-five cases,
gixteen (64%) were in Group A and nine (56%) were
in Group B. Sixteen (65%) of the twenty-five cases
are dead; seven (28%) of the twenty-five are alive.
Ten of the sixteen in Group A, equal to 62.5% are
dead, and five, equal to 31%, are alive. Six of the
nine cases in Group B, equal to 66.6% are dead, and
two, equal to 22.2%, are alive.

The "lost sight orf" case in Group B was

known to have survived 5% years.

Three cases of Bilateral ZEmpyema.

Case 1 had both empyema secondarily infected.
He was treated by aspiration only on both sides.

He is dead.

Case 2 had one empyema secondarily infected
and the other not. He was treated by oleothorax on
both sides. He is alive.

Cagse 3 had .secondary infection on one side
and one remained free from secondary infection. She
was treated on the side not secondarily infected, by
agpiration only, anc on the secondarily infected side
she had an oleothorax. VShe is also dead,

Further details of these cases will be given

later.
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DETAILS OF TREATMENT

The following Tables give details of the

different types and duration of treatment employed in

fifty cases of empyema in unilateral pneumothoraces and

in twenty five cases of unilateral empyema in bilateral

pneumothoraces.

will be considered separately.

The three cases of bilateral empyema

Survivals and deaths of patients are presented

graphically on pages 115 and 116 and following page 117.

Seventy Five Empyemata

Treatment

1. The simplest method of treatment is by aspiration

followed by air replacement.

Unilateral A.P.

TABLE 52

Twenty—-two cases were treated by this method.

and empyema.

T oV FEFON P

Duration of

Fate of Patient

Survival after

| Treatment Start of Empyema.
Months
6 Alive ; working 7 vears 6 months
2 " " 5 years
L " " 8 years 6 months
11 " " L4 years
1 Dead not known
3 Dead 5% months
1 Lost sight of not known
1 Dead 7 years
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Thus in this group of eight caseg, four
are alive, well and working; three are dead, and
one is lost sight of. This last case was known

to be alive three years after empyema began.

Agpiration only.

TABLE 53

Group B - Four cases Unilateral A.P, and Smpyema.

Casge Duration of Fate of Patient Survival after
No. Treatment. : gstart of
q Months empye ma
1. 24 Dead 10 years 3 months.
2 ; 2 Lost sight of Known to have

survived 3 years
then lost sight

of.

3 1 Dead 1 month after
spont. pneumo-
thorax.

4 1 Lost sight of Not known.,

Of four cases in this secondarily infected
group, two are known to be dead and two are lost sight

of - fate unknown.

Group A - 9 cages Bilateral Pneumothorax: Unilateral

Lmpyema
Case
No. Duratlion of Fate of Patient. | Survival after
Treatment. start of empyema
Months.
1 4 Dead 4 years
2 3 Alive; not well 4 years 8 months
3 4 Dead 1l year 7 months
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TABILZ 54 (Continued)
Casgse | Duration of Fate of Patient. Survival after
No. Treatment. start of empyema
Mont hs
4 5 Dead: contra 3 years 1 month
lateral spon.
pneum.
5} 2 Alive: working 4 years 6 months
6 1 Dead: contra
lateral spont.
pneum. 1l year
7 1 Dead 4 years 6 months
8 6 Dead 10 years 6 months
9 23 Alive; working 7 years 6 months.

In the case of the two men alive, well and

working, one (No. 5) had his pneumothorax continued

on the empyema side for 2% years;

the other (No. 9)

had his pneumothorax continued after empyema for

- 4 years and 2 months.

TABLE 55
Group B - 1 case Bilateral Pneumothorax: Unilateral
Ampyema
Cage | Duration of Fate of Patient. Survival after
No. Preatment. start of empyema
Months.
1 2 Dead 7% months.

4 weeks after adhesion section;

This patient got a spontaneous'pneumothorax

was then abandoned.

the pneumothorax
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3. Treatment by Aspiration and lavage with AzoT. Solution.

BEleven cases were treated solely by this method.

TABLE 56

Group A - 7 Cases-Unilateral Pneumothoraces

Case | Duration of | Fate of Patient | Survival from

MNo. Treatment onset of empyema

Months

1 3 -~ Alive j;working Iy years 8 months
2 5 Dead 2 vears 6 months
3 11 Dead 2 yvears 2 months
L 3 Alive: working 8 vears 3 months
5 20. Alive ;working Ly yvears
6 5 Dead 3 years
7 8 Alive';working 5 years 2 months

Of seven cases in this group, four are alive,well and
working after a.considerable period from onset of empyema;

three are deade.

Group B = One case

Case Duration of Fate of Patient Survival from
No. Treatment onset of empyema
Months
1 2L Dead 3 yvears
(12 as out
patient)
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TABLE 57

Group A - 2 cases Bilateral Pneumothorax: Unilateral

empyema
Case Duration of fate of Patient.| Survival after
Mo Treatment. start of
Months. empyema
1 7 Alive: working 6 years
2 18 Tead 2 years 4 months

Case No. 1 got a spontaneous pneumothorax

through a pleura studded with tubercles one week after

adhesion section.

The pneumothorar was abandoned

10 months after the broncho-pleural” fistula occurred.

Thus she has lived so far 5 years and one month

after the pneumothorax was abandoned.

Group B - 1 case.

Case Duration of fate of Patient. Survival after
NO » Treatment. start of
Months. empyema .
1 6 Lost sight of. “nown to have

survived
5 years 10 months

This patient got a spontaneous pneumothorax

through a ruptured tension cavity 10 weeks after

adhesion section.

Her pneumothorax was abandoned

15 months after empyema appeared.
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Treatment by Aspiration and Iavage with combinations

of Azo T, normal saline, fusol, Carrel-Dakin Solution,

etc.
Eight cases were treated by the above methods.
TABLS 58
Group A - 5 Cages-Unilateral Pneumothoraces.
Cage |Duration of Fate of Patient. Survival after
No. Treatment. start of empyema
Months.
1 11 Dead (spont. 2 years 4 months
pneum. )
2 5 Pead 5 years 6 months
3 7 Alive (T.B., Hip
now ) 10 years
4 1 Dead 4 years
5 5 Alive and work-
ing 10 years

In this group of 5§ patients, three are dead

and two alive, one of whom is well and working. The

other has a tuberculous hip joint.

Group B - 3 cases.

Survival after

Case | Duration of Fate of Patient.
No. |Treatment. start of empyema
Months.
1 1% Dead (meningitis)| 2 months
2 6 Dead 7% months
3 5 Alive 11 years

_

In this group of three patients, two are dead

and one alive.

Case No. 2 got a haemothorax after an

ooen pneumolysis which followed two unsuccessful attempts




3(b)

104
at cloéed pneumolysis.
Case No. 3 is alive but is very ill, and

requires hospital treatment.

Treatment by Azo T and normal saline lavage with

aspiration.

Four cases were treated by this method.

TABLE 59
Group -A - 3 Cases Bilateral Pneumothorax: Unilateral
Lmpyema
Casge Duration of Fate of Patient.| Survival after
No. Treatment start of empyema
Mont hs

1 2 Dead 7 years

2 2 Dead 5 years 8 months

3 6 Lost sight of Not known

Cagse No. 2 got a spontaneous pneumothorax
12 hours after adhesion section. Her empyema appeared

then and the pneumothorax was abandoned.

Group B - 1 case

Case Duration of Fate of Patient. | Survival after
No, Treatment. gtart of empyema
Months
1 11 Tead 9 years
1 -

This patient got a soontaneous pneumothorax
11 months after adhesion section through a ruptured basal

cavityr. Fis A.P, was maintained for 6 years after
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this. He died 3 years later.

L. Aspiration and Azo T. or saline lavage, plus in
all cases, instillation intra-pleurally of penicillin
or sulphonamide powder.

TABLE 60

Group A - 1o cases. Group B - 6 cases

Group B - L cases =-Unilateral A.P. and Empyema.

Case Type of Duration| Fate of Survival from
70, Treatment i'lonths Patient onset of
empyema
1 Azo T.lavage A
sulphonamide 7 Dead 2 years 9 rnonths

powder, 20g.m.
in saline

2 Azo T.& saline
lav. 70,000 2 Dead 7 months
units wpenicillin ‘

3 Azo T. & saline
lav. ;21 gms. 3 Dead 5 months
sulph. powder (spont. pneym.

Ly Aspiration only ,
170,000 units L Alive 3% vears
penicillin -

Of the four patients in this ~roup, all
secondarily infected cases, three are dead; the natient

still alive has survived 3% vears. The sulphona~ide powder
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intra-pleurally was used against staohylococei,
streptooocci‘and pneumococci in one case, and
staphylococci in the other case, but was found to

have no effect on these organisms.

TABLE 61
Group B - 2 cases Bilateral A,P., Unilateral Empyema.
Case {Duration of Fate of Patient. Survival after
NO . Treatment. start of empyema
Months.

1 8

300,000 units

penicillin » Dead , 4 yearg
2 1

99 units peni-

cillin Dead 7 months

Cage No. 2 got a conbtra-lateral spontaneous

pneumothorax and died 4 weeks later,
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finally closed drainage by self-retaining catheter.

TABLE 62
B8 Cases - All Group B - Unilateral A,P, and Smpyemata.
Case| Type of Treatment. [Puration Fate of Survival
No. of Patient after
Drainage start of
freatment empyema
Months
1 Azo T, saline
flavine, 15 cc.
cod liver oil Dead 1l yr 6 mths.
2 Flavine 1:2000 Dead 9 months
3 Azo T, 31 gme.
sulphonamide
powder in cod livedn
oil . 6 Dead 8 months
4 Azo T lavage 3 Dead 11 months
Azo T lavage not known; Dead 5 yrs.6 mths
done as out-
patient aftepr
leaving Sanaltor-
jum

A1l the patients'in this group are dead,

The first four had broncho-pleural fistulae as the

cause of thelr empyema.
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TABLE 63

3 Cases = Group B -~ Bilateral A.P.; Unilateral Empyema.

Case Type of Treatment |Duration Fate of Survival from
No. Months Patient Start of
Asptn., Tube. | Empyema

1 Azo T. lavage 6 13 | Alive 7 yrs. 6 mths
2 Azo T, and

Saline lav. 2 6 | Dead 1 year
3 Lavage with

sotn. of Meth-

ylene blue: 25c.c.

left in chest 1 6 | Dead 11 months

6. Oleothorax

Twelve patients in all were treated by oleo-

thorax. Three of these patients ultimately came to thora-

coplasty and are considered in the group treated by thora-

coplasty.

Of the nine patients in whom oleothorax was the

fingl form of treatment ,five came into Group A and four

into Group B.

Four patients had empyeme in unilateral

pneumothorax and three had unilateral empyena in bilateral

pneumothorax.

Two patients with bilateral empyema of which

three empyemata were treated by oleothorax will be consid-

ered sevarately under "Bilateral Empyema", (pnage 112).
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TABLE 64
Group A - 3 cases Unilateral A,P, and Zmpyema.
Case | Preliminary |Durat- | Oleo- | Durat-| Fate {Survival
NO o Treatment ion thorax | ion of after
Months Months| Pat- |start of
jent |empyema
1 Azo T lav 6 290 cc Alive |7 yrs.
' cod liver
oil
2 Aspiration only 1 35 cc.
Gomenol Dead |8 yrs
2 mths.
3 Azo T, lav 6 35 cc. cod
liver oil Alive |8 yrs.
then Azo T
Group B ~ 1 case.
Case|Preliminary [purat- | Oleo- |Durat-| Fate of | Survival
No. |Treatment. ion thorax | ion Pat - after
lonths Months| 1lent start of]
empyema
1 |Azo T lav 2 225 cc 2 Dead 1l yr
proflavine cod ‘ 4 mths
1/1000, | liver
375,000 units oil
penicillin

thorax, two are alive and two dead.

Of four unilateral empyemata treated by oleo-

The case in Group B got a spontaneous pneumo-

thorax and broncho-pleural fistula one week after

cauterization of adhesions.
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TABLE 65

Bilateral Pneumothorax: Unilateral Empyema.

Two cases, Nos, 1 and 2 are in Group 4,

and one, case No., 3, was in Group B.

Case|Preliminary [Purat-| Oleo- |Durat-| Fate |Survival
No. |Treatment ion thorax |[ion of from start
lonths Months | Pat- |of empyema
ient
Group A
1 (Azo T lavage 2 695 cc 7 Alive 8 yrs.
cod liver
oil
2 Azo T lavage 5 95 cc 5 Dead 4 yrs.,
cod liver
oil
Group B
3 |Azo T lavage | 5 (1,380 cec 21 |Alive | 63 yrs.
350,000 units cod liver
penicillin oil

Case No. 1 got a spontaneous pneumothorax
4 months after the oleothorax had been induced.
Case No, 2 got a contra-lateral spontaneous pneumothorax,

the opening in the pleura being observed at thorasoscopy.

Thoracoplagty

Thoracoplasty was performed in nine of the
unilateral empyema cases. Five cases were in Group A
and four in Group 3. Details of these cases, with
the treatment used before thoracoplasty, are given

in Table 66,
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TABLE 66
7 Thoracoplasty —_—
Case |Preliminary |Duration of |No,of Survival from
Yo, treatment this treat- |Ribs onset of emopyema
be fore ment
Thoracoplagty
G A
rouvp A |
1 Agpiration only | 6 months 8 Alive 4 years
2 " " | 6 weeks 7 " 4% years
3 " " |5 months 9 " 8 years
4 Azo T lavage
oleothorax 100 zc
cod liver oil 9 months 10 " 5 years
5 Azo T lavage 11 months 8 " 3 years
9 months
Group B
6 Oleothorax 37 cc ‘
Gomenol 1 month 10 Lost sight of
Closed Drain and
Acriflavine lav.|20 months
7 Agpiration and
lav. with half-
saturated sol.
urea, 4 months
Azo T lavage 1 month 7 Alive 4% years
Oleothorax of 49| cc
cod liver oil
and 192,000
units peni-
cillin 3 months
8 Azo T and pro-
flavine lavage |5 months 10 Alive 4 years
9 Agpiration and
closed drainage | 8 months 4 Dead 1 year
Basal Thoracol 7 months
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Case 5 was done in the presence of fairly

gsevere contra-~lateral disease.

It can be seen that of the nine cases sub-

mitted to thoracoplasty, seven are known to be alive,

with survival periods varying from 8 years to three

years and nine months. Three of the four secondarily

infected cases are alive.

Bilateral Empyema

‘Three patients suffered from bilateral

empyemd . The treatment in these cases was as follows.

The left pneumothorax was induced first in each case.

TABLz 67

Case ‘1 - Group B (both empyemata).

Case| Type of Treatment|Durat- Fate of | Survival from
No. ion Patient | start of empyema
of
Treat -
ment
Months
1 L.side: asoiration 1 year 2 months
only 7 after L,empyema
R.side: aspiration 111 months
only. A.P, aban- after R, empyema
doned be fore
adhesion section. 1 Dead

This patient got a spontaneous pneumothorax
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on the left side four and a half months after adhes-

ion section.

Case 2. This case had a secondary infection on

the left empyema only.

Case| Type of Treatment.|Durat- Mmte of Survival

Yo, ion Patient from start of
of empyema
Treat-
ment
Months .

2 ~L.side: Azo T lav-|8 months 4 years after
‘age and cod liver start of L.
0il oleothorax
290 c.c. 4% " Dead 3 years after

R
R.side: Azo T lav-
age 6 months
Cage 3. This case had a secondary infection of the

right empyema only. Both empyemata were treated by

oleothorax.,

Case | Type of Treatment.|Durat- Fate of |Survival
o ion Patient.| from start of
of empyema
Treat -
ment
Months .
3 I,side: Azo T
lavage, 65 cc. cod
liver oil 17
R.side: Azo T and
fFusol lavage. 8 Allve 6 years - still
Cod liver oil having occ.
2,300 cc. 5] agspiration on
Tube drainage 2 R. side.

Thig patient is fairly well and is doing part-

time worke.
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Survivals in seventy-eight Patients.

Of the total number of sevenfy—eight patients,
twenty-nine (37.2%) are known to be alive and have
survived periods ranging from 1l to 3% years following
onset of empyema. Iength of survival from onset
of empyema is known definitely in twenty-eight of
these patients.

Forty-three patients (55.1%) are known
to be dead. Jength of survival from onset of empyema
is known in forty of these patients.

Six patients were lost sight of through
records having been lost or destroyed, but two were
known to have survived periods of 5% and 3 years
respectively.

The graphs shown on the following pages
show the survival and death rates for both unilateral
and bilateral pneumothorax cases combined and for

unilateral and bilateral pneumothorax cases separately.
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Graph No. 3 shows the duration of snrvival of sixteen
natients Who have died and of seven patients who are
alive after unilateral empyema in bilateral pneumnothorax.

The only surviving case of bilateral empyema
is not included.

It can be secen that whereas in the cases of
unilateral pneumothorax and empyema,/2 % of the deaths
had occurred within three years, a little under 50 % of
the cases in which control of the contralateral side
had been obtained by pneumothorax ,had died after an

interval of three years from onset of empyema.

The graph of survivals shows that 100 i of
the bilateral pneumothorax cases survived four years,

and 85 % survived four and a half years.

The uvunilateral pneumothorax cases, on the
other hand ,shsws"survival for four and a half years
of 78 % .

So far, 50 % of the bilateral A.P. cases
have survived more than seven years, and 50 % of the
unilateral A.P. cases have survived six and a half to

SEevVenNn yearse



& ' ( 9 #
2 3( +'(3 4 - 5 ¢ R& R/ + #
RD 3 ubs * W. *
@ # *# 5 *~ 5 #.(#R fR #[ 3
f R
R
)}9 R
5 )b R K
3331)33KF§ R
J 3 .
<
? X’i@%/'
w )
ﬁ :
N
R
9% ) }
w 783
£ )f
o - #BR X
L W/ _:
R
93 <
#
$
# SSSS #
) K
R R
D< RR <WO? vy e => @2, ,< R RJ< T
6 *oox 7 + j 8 4 - +5(

/

L)? F



118

Pleuro-Cutaneous Sinuses

Treatment of the eighty-one empyemata resulted in

.
\

twenty -two cases (27.17%)

developing pleuro-cutaneous

sinuses. One other patient developed tuberculous

nodules in the skin following aspiration and Azo T.

lavage.

Sinuses resulted in the different forms of

treatment as shown in Table 68.

TAPLE 68

Pleuro-Cutaneous Sinuses.

Treatment. Total " Cases of Lost Sight
Treated Sinus of.
TTO. /':)

Aspiration 23 3| 13%.0 0

only

Aspniitn. and

Lavare with

Azo T. and

corbhined soltns| 23 3 13.0 1 C

Asptn,lavage

and Sulphon-

amide powder

and nenicillin

irsra-nlenrallyl 6 2|1 33.53 2 0

Asnirin.etc.,

then closed

Arainage 8 81 100.0 o

Clenthorax 9 6 66.6 h a
Total 69 22 8 0
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Only 69 patients are shown in the Table.

The remaining nine cases were treated by thoracoplasty.
Fourteen (63.7%) of the twenty-two patients are

dead and eight (36.3%) are alive. The longest
possible survival was 10 years and 9 months and the
shortest 3 years from first appearance of sinuses.

Apparently (as would be expected) the
treatmént most likely to lead to sinus formation
is tube drainage.

Oleothorax 1is the second worst type of
treatment while the treatment leading to the
fewest cases of sinuses was aspiration either alone
or with lavage. |

' Of the six oleothorax cases, five had oleo-
thorax as their final treatment. One case is still
having aspirations, while the sixth case was finally
treated by thoracoplasty.

Of the two cases alive which had Azo T.
lavage and aspiration, one is very ill; the other
ultimately had a thoracoplasty,.and is well and working.
A similar position obtains as regards two patients
alive after tube drainage treatment.

Thirteen (59%) of the twenty-=two cases with

sinuses had had broncho-pleural fistulae.
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Duration of Treatment before Sinuses developed.

Six cases (27.2%) developed sinuses between
three and six months and eight cases (36.47 between
8ix and nine months from the start of treatment of
their empyemata. Ip the other eigcht cases the date
of development of sinuses is not known. One case.
had to have aspirations stopped after 43 months
because of the cevelopment of multiple sinuses. Two
cases were turned down for thoracoplasty because of

the state of their chest walls.

Treatment of Sinuses

Various combinations of cod liver oil and
sulphonamide powder in paste, promin Jjelly, cod
liver o0il alone and penicillin powder alone were
used in attempts to close sinuses. None were success-
ful. The only satigfactory treatment was excision
at thoracoplasty. One patient only had tubercle
bacilli isolated from the sinus. Treatment was
by cod liver oil dressings and was unsuccessful.

The sinus was excised at thoracoplasty.
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State of Sputum in Patients discharged from Sanatorium.

Of the total number of seventy-eight
empyema cases, forty-three (55.1%) are dead and
twenty-nine (37.2%) are alive. Six vatients (7.7%)
were lost sight of. Of the forty-three patients
who died, sixteen (37.2%) died in hospital. Twenty-
seven (62.8%) died at varying intervals after dis-
charge, '

The state of spubtum conversion at discharge
of the twenty-seven patients who have died gince dis-
charge and of the twenty-nine still alive 1s shown
in Table 69.
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Spubtum on Discharge.

TABLZ 70.

27 Patients who have
died since discharge.

Sputum at

Unilateral

Bilateral Tota]

Discharge A,P, Cages A,P, Cases

Positive

Sputum 8 5 13 48,2

legative

Sputum 5 4 9 33 .3

No Sputum 2 3 5 18.5
Total 15 12 27 [100.0

Of the thirteen patients discharged with

a positive sputum the survival was as follows:

Erythocyte sedimentation rate on discharge is also

givens

See Table 71 on page 124.
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Patients discharged with Positive Sputum who have

since diled.

TABLE 71. 13 Patients.

cage | Unilateral| E.S.R. "Case Bilateral BE.S.R.

No. Pneumo- at No. | Yneumo- at
thoraces. | dis- thoraces. dis-
Survival charge. Survival charge
after dis-| m.m. after dis- m.m.
charge. 2 hrs. charge. 2 hrs.

Years (W) Years. (w,)

1 1 4/12 123 1 3 1/12 62

2 117/12 71 2 4 48

3 2 2/12 52 3 4 42

4 2 6/12 23 4 4 34

5 3 39 5 4 6/12 51

6 4 16 |

7 5% 12

8 Not known 14

general terms patients with a positive sputum on dis-

The above Table seems to show that in

charge survived a longer or shorter time, accord-

ing to the rapidity of the sedimentation rate at

discharge.
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Patients discharged with Negative Sputum who have

died.
TABLS 72. 9 Patients

Cage|Unilateral| E.3.R. Cagel| 3ilateral Z.S.R.

No. AP, at No. AP, at
Survival Dig- Survival Dig-
after dis-| charge after dis- charge
charge. Melile charge. MM
Years 2 hrs. Years 2 hrs.

(%) (W)

1 2 7/12 41 1 17/12 71

2 3 30 2 4 6/12 27

3 3 6/12 23 3 6 28

4 5 6/12 66 " 4 7 6/12 20

5 10 46

It would appear that while survival after dis-

charge with negative sputum appears to be related

to the rapnidity of the sedimentation rate at the

time of discharge, there is not the same correlation

between rapid sedimentation rate and shorter survival

ag is found with cases which had positive sputum on

discharge.

This 1s as would be expected, namely,

that the important factor in length of survival is

the state of the sputum, not the rapidity of the

gsedimentation rate.
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ratients discharged with No Sputum who have died.

TABLs 73, 5 Cages

Case| Unilateral| Z.S.R. Cage| 3ilateral E.S.R.
ho. AP, at No. A.P. at

Survival dis- Survival dis-

after dis-| charge after charge
charge Meme. discharge. Moo

Years 2 hrs. Years 2 hrs.
(W) (W.)
1 7 40 1 2 6/12 40
2 8 2/12| 10 2 X 4 43
i 3 7 30

¥ Case of billateral empyema.

h

No conclusions can be drawn from the figures

in Table 73.

Patients discharged from Seanatorium who are known

to be alive.

Twenty-nine patients (37.2%) of the total
number of seventy-eight cases of empyema are aiive.
Survival ranges from 3% to 10 years from date of dis-
charge from hospital.

Of these twenty-nine patients, the state

of goutum at discharge is shown in Table 74.
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TABL

L.

74

29 Patients now Alive

Sputum at Unilateral Bilateral Total %
discharge Pneumothor- Pneumot hor -~

: aces aces
Pogitive 2 2 4 13 .8
Negative 14 4 18 62 .1
No Sputum S 2 7 24,1
Total 21 8 29 100.,0

The following Tables show the survival so far

of these patients.

charge is also given.

TABLE 75

Sedimentation rate at dis-

4 Patients now alive, discharged with Positive Sputum.

Case |Unilateral| ©.,5.1%. Case| Billateral 5.5.R..

No. |Pneumo- at Ho. Pneumo- at
thoraces. dis-~- thoraces, dis-
Survival charge Survival charge
after Mele after Mele
discharge 2 hrs discharge. 2 hrs.
Years (W) Years ()

1 4 65 meme 1X 6 95

2 8 6 Mo 2 73 42

X This case was a

still having aspirations

treated by oleothorax on

on the right side.

both sides.

bilateral empyema, who is

He was

There are only four cases in this category.

Thirteen others discharged with positive sputum have

died.
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TABLE 76

18 Patients now alive, discharged with Negative Sputum.

Cagse | Unilateral Cage| Bilateral
No. Ppneumothoralces . No. Pneumothoralces .
Survival 4.3.R. Survival Z.3.R.
after dis-| at after dis- at
charge discharge charge, discharge
Years Melle Years., Mol e
2 hrs. 2 hrs.,.
(W R ) (W . )
1 5§ 23 1 4 50
2 3% 17 2 4% 27
3 4 17 3 6 28
4 4 19 4 7L 20
5 4 31
6 4% 18
7 45 35
8 5 22
9 5% 39
10 75 27
11 8% 3
12 85 5
13 oF 31
14 104 41

There is no apparent correlation between

length of survival and sedimentation rate at dis-

‘charge.

gputum was negative at discharge.

The important matter is the fact that the




7 Patients now Alive, discharged

with 8o Spoutum.,

Cage | Unilateral Cage|Bilateral
No. "neumothorgx. No. | Pneumothorpax
Survival 4.5 .R. Survival 5.3.R.
after at dis- after at dis-
discharge.| charge diseharge | charge
Years meMe Years MeMe
2 hrs. 2 hrs.
() (. )
1 5 27 1 5 50
2 5 2/12 10 2 6% 32
3 7 16
4 8 40
5 9% 34

There 1s no correlation between length of

survival and sedimentation rate at discharge, but

all these patients are alive, well and working.
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Maintenance of Collapse after Onget of Zmpyema

Afﬁer onset of empyema collapse was main-
tained in twenty-five (32%) and abandoned in firfty-
three (68%) of the total number of seventy-eight
patients. |

#ith a follow-up which, at the longest from
onset of empyema was 114 years, and at the shortest
31 years, the position regarding those alive and

dead igs shown in Table 78 below.

TABLE 78

Alive Dead Lost sight Total
of
Collapse main-
tained 12 11 2 25
Collapse aban-
doned. 17 32 4 , 53
Total 29 43 6 78

Of the twenty-five patients in whom collapse
was maintained, twelve (48%) are alive. In five
of these the collapse was maintained by oleothorax.
Eleven patients (44%) in whom collapse was maintained
are dead, and two have been lost sight of,

Of the fiftv-three patients in whom collapse
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‘by pneumothorax was abandoned, seventeen (32%)
are alive, thirty-two (60.4%) are dead, and four
(7.6%) are lost sight of.

Of the seventeen patients now alive, ten
(59% ) had no further treatment (apart from agpiration,
etc.) while seven (41%) had thoracoplasty.

Of the thirty-two dead, twenty-one had no
further treatment other than aspiration,while one
khad thoracoplasty.

Of the four cases lost sight of, one had
thoracoplasty, but the other three had no further
collapse treatment.

After abandonment of pneumothorax, seventeen
patiernts (apart from one patient in whom thoracoplasty
wag performed) had a lung which remained more or
less unexpanded. OFf these seventeen, thirteen
(76.4%) are dead, two are alive (11.8), and two are

lost sight of.

Regarding the cases in which collapse was
maintained, it is reasonable to point out that the
treatment of empyema in these cases must have been

satisfactory.
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DISCUSSION

DEFINITION AND INCIDENCE OF TUBERCULOUS
EMPYRMA .

Definition -

De Cecio and Potter (1939) and Goorwitech (1943)
have commented on the varying opinions expressed in the
literature as to whiech type of effusion constitutes an
empyema during the course of artificial pneumothorax
treatment.

I have used the definition suggested by
Dickey (1943) which defines tuberculous empyema as
& turbvid or purulent exudate in which tubercle bacilli
have been demonstrated, either on direct smear or on
culture, or by animal inoculation. Ornstein and
Ulmar (1939) consider that all tuberculous effusions
should be termed empyemata. Munro-Ashman and Tate
(1847), reguire that the effusion should,at least,
be turbid and thet tubercle bacilli be demonstrable
on direct smear examination. Cutler(l941l) used a
similar definition, but Jones and Alexander (1934),
Woodruff (1938) and Andersen (1949), while insisting
that the exudate be turbid or purulent,do not insist
on the demonstration of the tubercle bacillus in the

exudate. Woodrurf (1938), is satisfied that an
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an empyema is tuberculous if tuberculosis of the
underlying lung is proved, whilst Jones and Alexander
(1934) and Andersen (1949) accept as proof of the
tuberculous origin of the exudate the finding of
tuberculous granulation tissue in biopsy specimens of

the pleura.

Incidence -
Applying the definition of Dickey (1943) to

this series, the incidence of empyema over & period
of eight years between 1937 and 1945 works out at
eighty - one , equivalent to 6.6% of the totel number
of 1,448 pneumothoraces.
There were sixteen other cases of turbid
or purulent exudate but in none of theée were
tubercle bacilli ever demonstrated . 1f these cases
are included , tre incidence of empyema in this
series rises to 6.7% of the total pneumothoraces.
The incidence in this series compares favour-
ably with figures guoted in the literature, although
obviously the incidence of empyema in ény series
of pneumothoraces will vary according to the

definition of empyema accepted by the observer.
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Frostad in WNorway, quoted by Andersen (1949) has
estimated the incidence at 10% as an average figure,

Alexander (1937) quotes figures ranging from
nil (Ulrici, 600 cases) to twenty-one per cent (Hayes
151 cases).

Shipman (1942) also claimed to have no
cases oOf empyema during a period of four years, while
Wollaston (1940) had an incidence of only 2%.

Unverricht, quoted by Ustvedt (1942) in a
seriés of 2,893 pneumothoraces had the low incidence
of 1.1%, while Morrison (1948) reported an incidence

of 24% in fifty pneumothoraces.

Further examples of the variation of incidence

of empyema in pneumothorax are shown in Table 79.

TABLE 79

Incidence of #Zmpyema in Pneumnothorax

Author No. of Cagseg of Incidence of
Pneumothorax ampyema

0

Ieaver and

Hardaway (1937) 760 5 .8%
Nicklas, Franklin

and Savod (1937) 375 14 .4%
Skavlem et al (1940) 898 . 10.,8%
Mattill & Jennings A
(1940) Wot given 14.3%

Cutler (1941) 476 12.4%
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Generally it may be said, despite the
figures quoted in Table 79, that as experience
of pneumothorax increased, the incidence of empyema
has tended to fall.

Iilienthal (1925) suggests that between
10% and 20% of all exudates in pneumothorax become
purulent.

Paqustte (1926) quotes figures of incidence
of 41.8% in 1926, 26.1% for the period 1920 to 1930,
and only 9.4% for the period 1930 to 1944.

Rogstad,quoted by Andersem (1949), had an
incidence Of 6.4% of empyema in 918 patients, while
other figures already quoted above show an incidence

from 1940 onwards of 2% and nil.
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ETIOIOGY

Type and Activity of Disease at Induction of Pneumothorax.

Of the total number of seventy-eight patients
in this series, sixty-three (almost 81%) were
suffering from either acute exudati%e disease or
extensive unilateral cavitation, or had a large
apical cavity at the time of induction of their pneumo-
thorax.

Four caseg were suffering from acute tuber-
culous pneumonia when pneumothorax was induced.

Fifty-three cases (69.2%) came into Salkin
and Caddeﬁ's (1941, classification of far advanced
disease, and sixty-eight (87.2%) into the different
categories suggested by farfferty (1944) as unsuitable
for treatment by pneumothorax.

Sixty-one patients (78%) had symptoms of
twelve months or less duration (counted from the
time of the first appearaﬁce of symptoms before a
doctor was consulted) an: five cases (6.4%) only
had bed rest after admission to the Samatorium and

prior to induction of pneumothorax of more than 2

weeks duration.




137,

Teble 19 shows that sixty-nine (85.2%) of
the eighty-one empyemata had the pneumothorsx induced
when the erythrocyte sedimentation rate was 40 m.m.
or more in two hours (Westergren). |

In thirty-one instances (38%) , the e.s.r
was either 80 m.m. or more (Westergren) when pneum-
othorax was induced. It has been our experience in
the Cheshire Joint Sanatorium in recent years, that
pneumothoraces induced when the e.s.r. is 40 mem. or
over in 2 hours(W.) have shown a proportionately higher
incidence of effusion than those induced when the
sedimentation rate was below 40 mem. in 2 hours (W.).

211 the above findings confirm the experience
of most other observers.

Packhsrd, Hayes and Blanchet (1940), state
that the more active the pulmonary lesion at the time
of induction of pneumothorax , the more freguent and
more serious the pleurisy. Pinner (1944),reported
that acute and caseous involvement is frequently
considercd an sbsolute contra-indication to pneumo-
thorax on account of the resl danger of empyema.

Table 18 shows that £8 petients in this series
equal to almost 36% of the total number had their

pneumothorsces induced when suffering from acute

caseous disease. Hayes(1927), Skavlem and others(1940),

and Raffert{19/4) ail agree that collapse of a lung by
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pneumothorax while the disease is acute runs the risk
of producing complicating effusion and empyema.
Wollaston end Landau (1946), on the other hand,
discussing sedimentstion rate at tre time of induct-
ion of pneumothorax and accepting the sedimentation
rate as one indicator of activity, consider that a
rapid sedimentation rate is itself not a contra-
indieation to inducing pneumothorax. These writers
are of the opinion that effective collapse ,and not
the initial sedimentation rate, is the significant
factor in avoiding complications.

Whilst accepting the latter statement that
collapse is very important in so far as a satisfactory
collapse is more likely to control the disease, and that
there is a correspondingly smaller risk of complicating
effusion and empyema, our experience has been,as
shown in Tables 19 and 20 that a high sedimentation
rate at induction coincides with compliications. This
is still our experience and we are now finding fewer
cases developing complicating effusions and empyemata
by using the e.s.r. to indicate when a case needs
time,or other measures’such as phrenic crush and

Pneumoperitoneum, to allow it to "eool off" before

mneumothorax is induced.
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Type of Collapse

Table 29 shows that of seventy-four cases
of pneumothorax submitted to adhesion section,
twenty-six cases (35.1%) had satisfactory collapse,
and forty-eight (64,9%) had either incomplete
or ineffeqtive collapse after operation. Sefencases

not submitted to adhesion section all had ineffective
collapse, Thus, of the total number of eighty-one
empyemata, fiftv-nine (67.9%) developed in pneumo-
thoraces either incompletely or ineffectively collaopsed.,

Bdwards & Lynn (1939), Browning, Dundon.
and Ray (1941), Cutler (1941), Dickey (1943),

Shields (1944) and Wollaston and Iandau (1946) all
agree that effusion and empyema are more prone to |
occur in pneumothoraces mechanicaliy inéffective and
maintained as such for too long a period.

It would seem, also, that complete or
satisfactory collapse is the less common occurrence.
Edwards & Lynn (1939) found complete division of
adhesions possible in eighty-six (34%) of two
hundred and fifty-five cases submitted to operation.
Partial collapse wag obtained in one hundred and
forty cases (55%) and twenty-nine cases (11%) were

found to be inoperable.
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Chandler (1937) obtained complete collapse
in 50%, Anderson and Alexander (1937) in 37%,
although Jacobeus (1923) in his early cases claimed
to have obtained complete collapse in 75%.

It may be surprising to note that in this
series twenty-six cases (%5.1%) of pneumothorax
developed empyema despite satisfactory collapse.
Matson, Matson & Bisaillon (1924), however, found
that twenty-nine (49.2%) of Ffifty-nine empyemata
in their series developed in cases of satigfacyory
collapse.

Packhard, Hayes & Blanchet (1940) suggest
that in such cases "seepage of tubercle bacilli
may occur from a sub-plevral focus into the pleural
cavify after the pleura has been rendered very allergic
by the previous mild infections.”

The same observers note that a serous effusion
may become purulent during a cold or any septic
ihfection.

In this series the causesfof empyema in the
twenty-six cases in whom satisfactory collapse

was obtained were, so far as could be ascertained,

as follows:-
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1. 1in eighteen (69.2%) despite satisfactory
collspse , disease was not controlled through failure
to achieve cavity closure. In eight of these cases
broncho-pleural fistula developed.

2. Three cases had haemothorax develop
following adhesion section.

3. Three cases developed complete atelectasis
after adhesion section. Since routine bronchoscopy
has been practised in the Sanatorium it has been found
that such cases have always present endo-bronchial
disease of one or more major bronchi. There is no
resson to doubt that similar findings would have
been reported in the three cases mentioned above.

4. In one case in which cavity closure
was Obtéined , broncho-pleural fistula developed
through a markedly tuberculous pleura.

5. In one case the exact cause of empyema

(which was late in developing) was not ascertained.
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Atelectasis.

Complete atelectasis of the lung occurred
in twelve cases, equal to 14.8% of the total number
of eighty-one empyemata and 16.2% of the seventy-four
cases operated uvpon for adhesions. By atelectasis
is meant the finding on the skiagram of a ground
glass appearance of a lobe or of a whole lung accom-
panied by clinical signs such as mallaise and pyrexia
of varying degree.

Only complete atelectasis of the whole lung
is beiﬁg considered in the cases of empyema under
review, for the reason that, in general, our experience
has been that localised lobar or segmental atelectasis
has more usually resulted in healing and fibrosis
of the affected area, with no massive effusibn or
empyems ag & result. Complete atelectasis of an
ehtife lung, on the other hand, has been followed
by massive effusion and empyema. This has been
observed also by Cuthbert and Nagley (1948).

It would appear that empyema may follow
ateléctasis as the result of -

1. Extension of peripheral bronchial disease
to casgeation and erosion of the visceral pleura

with formation of broncho-pleural fistula,



143

Five of the twelve cases of ateleetasis in
this series developed demonstrable broncho-pleural

fistulae.
In the presence of major endo-bronchial

tuberculosis , massive collapse of the lung may oceur
with conseguent spread of parenchymatous disease to
the pleura.

In recent years , since routine bronchoescopy,
has been practised in the Cheshire Joint Sanatorium,
the above findings have been confirmed in every case.
Rapid re-aeration of the lung has not prevented the
occurrence of broncho-pleurél fistulae, (even after
an interval of three months ) in such cases and even
after apparently satisfactory resolution of the
tuberculous bronchitis by the use of streptomycin.

This would seem to confirm the observation of Maher-
Loughnan (1950), suggesting that tuberculosis of the
smaller bronchi and bronchioles exists in all cases
of atelectasis, and is , perhaps, the cause of lobar
atelectasis occurring suddenly in cases of satisfactory
collapse.

Table £3 shows no consistency of findings in
the cases in which complete atelectasis occurred. This
is not surprising in thet any, or indeed, every case

of pulmonary tuberculosis must at some time have a degree of
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tuberculous bronchitis. It does, however, raise the
question of why complete atelectasis occurs in |
some cases Of pneumothorax and not in others.

To answer this question involves one in
the complete pathology end etiology of atelectasis,
for which there is not space in this thesis. Suffice
it to Say that one or more or all the cases which
developed complete atelectasis may have had present
one or all of the conditions mentioned below, which
may induce atelectasis :
1. Obstruction of a major bronchus. Coryllos
(1933), .Kent (1942) , Paulson and Shaw (1949).
2. Kinking and partial stenosis of a major
bronchus with progression later to"check-valve"
occlusion in the presence of endo-bronchial tuberc-
ulosis. Xorol (1936) , Rafferty (1943), Sampson
(1937), Brantigan et al. (1942) , Viswanathan (1949).
Partial stenosis of a bronchus has been found in
most cases of atelectasis submitted to bronchoscopy
in our Sanatorium in recent years. Check-valve
mechanism is instanced by the five cases shown
in Table 285 as having suffered broncho-pleural fistula.
Plugs of secretion have been mentioned as a cause
of atelectasis by indueing a check-valve mechanism
similar to that induced by endo-bronchial tuberculosis.
It has been our experience that such plugs of secretion

are not commonly the cause of complete atelectasis.
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3. Peripheral lung inflammation (pneumonitis)
and tuberculosis of the small peripheral bronchi.
Bloesser (1934), Pinner (1944), Barmwell, Littig
and Culp (1937). Peripheral lung inflammation
must have existed in five of the twelve cases shown
in Table 23 as having unhealthy pleura. Tuberculosis
of the small peripheral bronchi may well have existed
in those cases in whom cavity closure was not ob-
Jtaihed and also in those cases in whibh broncho-.

pleural fistulae occurred.

4. Active contraction of the alveoli caused
by reflex increase of pulmonary tone, Xalabarder
(1949).

Xalabarder (1949) has revived this theory
of a reflex cause for pulmonary or segmental atelectas-
is and while it may be difficult to accept that
complete contraction of the lung could follow from
such stimuli, it may well be that adhesion section,
egpecially where adhesions are extensive, might
provide just such & stimulus.

In five of the cases listed in Table 23
complete atelectasis followed at a short interval
from adhesion section, and it is not easy to dissociate

the cause and effect in these cases.
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summing up, it may be said,therefore,
that in the twelve cases which developed atelectasis
followed by emnvema the development of both these
complications may have been due to
l. the preseﬁce of endo-bronchial tuberculosis
in major and minor bronchi. Such tuberculous bronchitis
is known to be a contra-indication to treatment by
pPneumothorax.
2. The presénce of unhealthy pleura.

3. The effects of adhesion section.
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Extent of Adhesions.

The extent of adhesions cauterized was
not recorded in the notes , but if it is accepted
that the time spent on the operation is directly
related to the area cauterized, it is possible to
gauge the extent of the adhesions. On the other
hand, it is possible that where extensive adhesions
existed only the most accessible were divided, and
a correspondin@ly short time would be recorded in
the notes. |

Tables 25, 26 and 27 show that twenty-
seven (60%),0f forty-five cases operated upon in
which the actusl cauterization time is recorded
had adhesion sections of more than thirty minutes
duration. TFive cases (11l.1%) had to have two
sessions e&ach, of varying duration. |

Edwards and Lynn (1939) found that
effusion and empyema were more common in cases
in whieh, inter alia, extensive‘cauterization of

adhesions hsd been performed.
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Significance of Adhesions

Pogitive pressures were used in twenty-four
(29.6%) of the eighty-one pneumothoraces to maintain
the collapse after adhesion section.

Stobie (1930) suggests that the tearing
of an adhesion may result from the use of positive
intra pleural pressures during pneumothorax refills,
especially when adhesions are disease-bearing areas.

Peters and Wooley (1922) and Fishberg (1932)
note that adhesions may prevent small sub-pleural
cavities from rupturing into the pleural sac, but
it is possible that the use of positive presgsures
during refills or over-exertion, such as a bout of
coughing, may result in the adhesions tearing with the
éonsequent development of effusion and empyema.
Goorwitch (1943) considers that empyema follows
in cases of unsatisfactory and ineffective collapse,
due to mechanical rupture or tearing of adhesions. |
Weisman (1936) believes that when tubercles are
present in the bage of the adhesions to the lung,
rupture under the action of pneumothorax is the most
likely cause of infection of the pleural spaée.
Pogitive pressures and injudicious refills act‘only

in so far as they rupture a pulmonary lesion bound by
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adhesions. Davies (1933), Rosenthal (1936), and
Leaver and Hardaway (1937), have expressed similar
views. |

Morrison (1948) found that of three factors
responsible for effuéion{and empyema in pneumo-—
thorax , one was the use of positive pressures

during refills.

Adhesion Section -

Adhesion section, per se, appears to have
been the chief cause of empyema in seventeen (22.9:)
of the seventy—four‘cases of pneumothorax submitted
to overation.

Three of these cases had haemothdrax
follow adhesion section, while three others suffered
traumatic broncho-pleural fistulae.

Six additional cases had broncho-pleural
fistulae develop within seven days of adhesion
section. If these cases are also to be attributed
to operation, it is possible that twenty-three
(31.1%) of the seventy four pneumothoraces
operated upon had empyema originate from adhesion

section.

Goorwitch(19L3) considers that many empyemata

are due to the severing of adhesions with the accompany-
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ing rupture of a pulmonary lesion. Similarly,
Gloyne (1926) argues that if an adhesion be
severed at a point at which tubercle bacilli can be
liberated into the pleural cavity, secondary effusion
and empyema are likely to follow,

Regarding haemorrhage following adhesion
section, Rafferty (1944) emphasises the danger
where there is a large cavity situated close to
the pleura suspended by adhesions. Much of the
blood supply of the cavity wall may be derived from
intercostal arteries through newly formed vessels
ingside the adhesions.

Korol (1936) draws attention to the possi-
bility of a haemorrhagic effusion as a result of
bleeding from the stump of a torn adhesion.

Two cases (2.4%) of the seventy-four cases
operated on had adhesion section performed in
the presence of acute tuberculous pneumohia.

Empyema followed in four and seven days respectively
from the date of operation.

Nine cases (12.2%) developed empyema within
7-14 days from adhesion section and were apparently

due to operation on inflamed and tuberculous pleuraes.
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Morrison (1948 ) found that of thirteen
patients in whom the pleura was inflamed at the
time of oberation, ten developed empyema.

The incidence in this series, of almost
28% of the eighty-one empyemata being due to adhesion
section appears high. Morrison (1948), however,
had to report the high ineidence of 28% of
empyemata in thirty-six operations as being due
directly to adhesion section,while Andersen (1949),
reporting on 54 cases of empyema , found that
twelve (22%) resulted from acute reaction following
closed pneumolysis and 2;5% followed open pneumolysis.
Woodruff(1938) in a series of collected cases found
only 5.2% of 154 empyemata which were directly
attributable to adhesion section.

our results compare more favourably with
those reported in the literature when considered in
comparison with the total number of pneumothoraces
reviewed. Only 1.2 % of empyemata are then due to
adhesion seetion which compares favourably with
the figures of Chandler (1937) 1.9% , of Anderson
and Alexander (1937)3.6%, Brock (1938)1.4% and

Wollaston (1940) 2 %
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Adhesion Section during Effusion

Jacobeus (1922) considered that in patients
having a serous effusion prior to operation, the
outlook was not good because such pleurisies usually
become worse after surgical interference. Benjamin
(1937) also insists that adhesion section should not
be performed during acute pleurisy, but Wollaston (1940)
thinks that the stress imposed on a diseased area
of lung by the presence of adhesions 1s so dangerous
that the performance of adhesion section, even
in the presence of acute effusion, is a justifiable
risk.

In this present series of the twenty-seven
cages which developed broncho-pleural fistula and
had adhesion section, the operation was done in
the presence of unhealthy pleurae in twelve (44.47%)

Regarding the cases of empyema which developed
within twelve weeks of operation, the pleura was .
unhealthy in sixteen (66.6%), whereas in those cases
in whom empyema did not develop till between twelve
and forty weeks of adhesion the number found to

have unhealthy pleuraé was eight, equivalent to a7%)y .
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It would appear, as would be expected,
that where a number of cases are found at thoracos-
copy to have unhealthy pleurae, adhesion section
will result in a proportionately higher number of
empyemata resulting within a few weeks of the
operation. "here there has been a progressive
effusion, especially if agpiration was necessary
be fore operation, empyema mav be expected to follow
in about the same time than as where the pleura wag
unhealthy at operation. On the other hand,
the presénce of a small puddle of fluid in the costo-
phrenic angle where the pleura is healthy is
apparently of no significance.

Development of empyema in these cases and in
cases where the pleural gpace has been dry up to

the time of adhesion section depends on other factors.

Cavity Closure after Adhesion Section

Cavity closure was obtained after adhesion
section in only fifteen (20.3%) of the seventy-four

cases submitted to adhesion section.

Of twentv-six cases classed as satisfactorily
collapsed, cavity closure was obtaiped in eight (30.87),
Of the forty-eight cases classed as either incompleteiv
or ineffectively collapsed after adhesion section,

cavity closure was obtained in only seven (14 .6%) .
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In other words, in fifty-nine (79.7%) orf
the cases submitted to adhesion section, maintenance
of pneumothorax &fter operation failed to control
the disease,. A proportion of these cases developed

broncho-plevral fistulae,as will be described below.

If one adds to the fifty-nine cases in
which cavity closure was not obtained after adhesion
section the seven cases in whom adhesions were
not operable, it can be seen that of the total
number of elghty-one pneumothoraces in which empyema
developed, disease was not controlled by the collapée
in the considerable number of sixty-six, equivalent to

81.5 per cent,
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Broncho-Pleural Fistulae

Twenty-eight (34.6%) of the eighty-one
empyemata were due to known broncho-pleural fistulae.
Nine fistulae occurred within one week of adhesion
section; three of these cases were due to trauma
at operation, four were due to rupturing of cavities,
while two fistulae resulted from rupturing of sub-

pleural foci through tuberculous pleurae.

Type of Collapse in cases of Broncho-Pleural Fistula.

Nine caseg of filstula occurred in cases
satigfactorily collapsed,‘but in only one of these
cases was cavity closure obtained. This patient
had a pleura which was‘found at thoracoscopy to be
studded with multiple tubercles. Figtula from
rupture of a sub-pleural focus occurred at 16 weeks
from operation.

Ten fistulae occurred in cases incompletely
collapsed and eight in cases ineffectively collapsed.
In none éf these cases was cavity closure obtained.

In all nineteen of the total number of
twenty-eight, fistulae occurred from rupturing of
cavities of the "ballooning” tension type.

Tour cages were due to rupture of sub-

pleural foci through tuberculous pleuraey three
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other cases were traumatic, and one case occurred
after four months treatment of effusion and mainten-
ance of collapse by oleothorax,

3roncho-pleural fistula occurred in one
patient who was not dubjected to adhesion section,
He had had a pneumothorax induced while suffering
from acute tuberculous pneumonia. Thoracoscopy
was performed, but the adhesions were found to be
inoperable, Fistula in this case occurred twelve
weeks after induction of the pneumothorax,

Five cases which developed broncho-pleural
fistula developed complete atelectasis of the lung
at varying intervals after adhesion section and prior

to cavity rupture taking place.

- Causes of Mistula in these twenty-eight cases.

Adhesion section is known definitely to
have caused three fistulae, but it 1is difficult
to exonerate the effects of operation in the other
8ix cases whicb.occurred within one week of adhesion
section.

Regarding the cases of ruptured cavity,
Rafferty (1944) lists inter alia two types of case
which are unsuitable for pneumothorax treatment

because of the danger of emoyemd. Trese are:-
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1. Cages of large apical cavity;

2e Cases of endo-bronchial tuberculosis,

In this series, nineteen cases (23.5%) of
the total number of empyemata had pneumothorax
induced in the presence of a large apical cavity.,

vStudy of the X-rays of these cases would
suggest that
1. Pneumot horax should not have been the treat-
ment of choice, and
2 The pneumothoraces should have been abandoned
(a) because the ma jority were incomplete or ineffect-
ive, and (b) because the cavity in each case was of
the dangerous ballooning tension type.

Regarding the five cases which deve loped
complete atelectasis after adhesion section,. Bron-
choscopy was not' practised routine in the Sanatorium
during the period under review, although no doubt
these patients presented physical signs of tuber-
culous bronchitis. Such endo-bronchial disease
may have acted in two ways:; on the one hand it may

have been the cause of a check-valve mechanism

" N
develoving, with consequent "ballooning” of tension

cavities, and on the other hand may have been the

precursor of the complete atelectasis.












































































































